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PREFACE 


TO  THE  THIRD  EDITION. 


X  HE  First  and  Second  Editions  of  the  Iniroductkm 
to  Geology  were  favourably  received^  and  sold  off, 
soon  after  their  publication.  The  work  has  since 
been  translated  and  published  in  Germany^  by  Mr. 
Frederick  MuDer  of  Friburg;  but  it  has  been  long 
out  of  print  in  this  country.  The  causes  which 
have  retarded  the  publication  of  a  Third  Edition 
it  is  unnecessary  to  mention :  the  delay  has^  I  trust, 
been  favourable  to  its  appearance  in  a  very  im- 
proved state ;  as  I  have  been  collecting  materials 
for  it,  during  several  y^ra,  having  visited  almost 
every  situation  of  much"  geological  interest  in  our 
own  island,  from  the  Land's  End  in  Cornwall,  to  the 
Grampian  Mountains  in  Scotland ;  and  passed  part 
of  three  years  in  examining  the  geology  of  Savoy, 
Switzerland,  and  France.  There  is  scarcely  a  rock 
formation  described  in  the  present  volume,  that  I 
have  not  examined  in  its  native  situation,  and  com- 
pared  with  the  descriptions  of  former  geologists.  I 
liavealso  had  opportunities  of  examining  the  collec- 
tions, and  of  profiting  by  the  communications,  of 
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some  of  the  most  eminent  geologists  on  the  Conti- 
nent. 

While  engaged  in  these  pursuits^  I  have  not 
been  inattentive  to  the  labours  of  other  observers. 
So  numerous  and  interesting  are  the  discoveries 
made  in  ge0k)gy .  during  the  last  ten  years^  that 
in  order  to  present  a  concise  view  of  the  science 
in  its  present  advanced  state^  the  Introduction  to 
Geology  has  been  recomposed^  and  all  the  Chapters 
wtt  greatly  enlarged* 

.  .  The  follqwring  new  Chapters  have  been  added ; — 
Chap,  ii;  On  Fossil  Organic  Remains.  Chap.  iv. 
.On  the  Principles  of  Stratification.  Chap.  x.  A  Re- 
trpspectivie  View  of  Geological  Facts.  Chap,  xviii. 
On  the  Destruction  pf  Mountains;  and  on  the 
Bqucs  of  JUtnd  Quadrupeds,  found  in  Diluvial 
Pf^pomtipuB  and  ia  .Caverns.  .  Chap.  xix.  On  the 
Fcirmatiook  pf  Valleys;  and  on  .Dc^lugeP  apd Denuda- 
tions.*—The  Plates  are  new^  except  Plate  iv.  and 
part  of  Plate  tii.  The  Outline  Map  of  the  Geo- 
logy of  England  and  Wales^  was  I  believe,  when 
published  in  the  Fii^t  Edition  of  1813^  the  only 
geological  map  of  England  that  had  then  appeared. 
}t  presents  in  one  view  the  grand  geological  divi- 
sions of  the  country^  without  delineating  the  differ- 
ent strata  in  each  division.  Mr.  Wm.  Smith  has 
since  published  a  map  of  the  Geology  of  England^ 
vvhich  possesses  extraordinary  merits — when  it  is 
considered  as  the  unaided  attempt  of  one  person^ 
to  trace  the  course  of  each  rock  formation  through 
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England  and  Wales.  Mr.  Greenough,  and  other 
members  of  the  Geological  Society  of  London^  have 
sQbseqaently  poblished  a  geological  map  of  En- 
gland and  Wales.  This  map^  from  the  great  variety 
of  its  usefiil  details^  and  its  general  correctness^ 
may  be  regarded  as  the  most  complete  exhibition 
of  the  geology  of  an  extensive  country^  that  has  yet 
iqppeared.  It  was  thought^  however^  that  the  pub* 
lication  of  my  Map  in  its  original  form^  (or  nearly 
m,)  would  be  acceptable  to  those  who  wished  to 
gain  a  general  knowledge  of  the  geology  of  their 
own  country,  without  entering  into  geological 
detail;  and  that  it  would  also  serve  as  a  useful 
introduction  to  the  study  of  the  above-mentioned 
maps. 

In  the  course  of  the  present  work^  I  have  fre- 
quently attempted  to  elucidate  the  geology  of  En- 
gland, by  comparisons  with  situations  I  have  eM* 
mined  on  the  Continent,  in  order  to  connect  the 
geology  of  our  own  island,  with  that  of  France, 
Switzerland,  and  Savoy. 

By  comprising  the  numerous  facts  and  observa- 
tions contained  in  the  present  volume,  within  the 
limits  of  an  elementary  work,  from  the  desire  to 
be  concise,  I  may  have  run  the  risk  of  becoming 
obscure :  this  I  have  studiously  endeavoured  to 
avoid;  my  chief  aim  being  to  present  the  reader 
with  a  system  of  Geology,  which  shall  eicplain  geo- 
logical phenomena  in  a  clear  and  intelligible  man- 
ner, and  as  free  from  technical  obscurity  as  the 
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nature  of  the  subject  would  admit.  In  order  that 
the  price  may  not  exceed  that  of  the  last  Edition^ 
this  work  is  printed  in  a  smaller  type.  For  any 
errors  into  which  I  may  have  inadvertently  fallen^ 
I  would  claim  the  candid  indulgence  of  the  reader^ 
in  the  last  words  of  that  distinguished  geologist 
Horace  Benedict  de  Saussure^  ''  On  peut  itre  utile, 
Sana  attemdre  d  la  perfection  " 

1  shall  conclude  with  some  observations  on  the 
means  of  advancing  geological  knowledge.    In  a 
conversation  1  had  with  that  experienced  geologist 
Professor  Brochant  at  Paris^  on  this  subject^— he 
said:  ''We  are  already  sufficiently  rich  in  facts^ 
what  is  now  wanting^  is  an  accurate  review  of  these 
facts :  many  geological  descriptions^  on  which  much 
stress  continues  to  be  laid^  were  written  in  an  early 
state  of  the  science^  and  require  such  corrections^ 
as  a  comprehensive  view  of  recent  discoveries  could 
scarcely  fiedl  to  suggest. — I  should  recommend^  Sir^ 
that  two  active  young  men^  competently  instructed^ 
should  be  sent  out  to  examine  all  the  most  remark- 
able situations  described  by  former  geologists^  and 
to  note  down  their  observations  on  the  spot.  They 
should  travel  together^  not  only  for  the  sake  of 
mutual  comfort  and  assistance^  in  the  solitary  situa- 
tions they  might  have  to  visits  but  in  the  examina- 
tion of  dubious  phenomena^  that  the  observations  of 
the  one  might  corrector  confirm  those  of  the  other." 
— These  remarks  of  M.  Brochant^  which  I  have 
given  as  correctly  as  my  memory  and  the  difference 
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of  knguage  would  allow^  well  deflenre  the  attention 
ef  all  Geok^cal  Societies*. 

YHmt  appears  to  me  much  wanted  to  clear  up 
sereral  dubious  points  in  Geology^  is  a  series  of 
eqperim^its,  to  ascertain  the  relative  position  and 
connection  of  certain  rocks.  This  in  some  instances 
m^t  be  eifected^  by  employing  workmen  to  open 
oat  the  edges  of  strata :  other  cases  would  require 
diafia  to  be  sunk,  and  passages  to  be  driven  into 
the  sides  of  mountains.  Such  experiments  would 
be  attended  with  expense;  but  they  would  reward 
us  hy  the  discovery  of  important  facts,  which  must 
otherwise  remain  for  ever  unknown. 


*  A  Geologiad  Map  of  France  isa 
dm  direction  of  Professor  Brochant. 


HjMPaTBADj  near  London^ 
March  lO,    IBM. 
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TO 
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ABRIDGED. 


IN  tracing  the  progress  of  knowledge^  we  may 
frequently  observe  that  the  cultivation  of  particular 
branches  of  science  at  certain  periods^  was  deter- 
mined by  causes  which  had  little  connection  with 
their  intrinsic  utility.  Fashion^  caprice^  and  the 
authority  of  eminent  names^  govern  mankind  in 
philosophy^  as  well  as  on  all  other  subjects.  But^ 
independently  of  accidental  causes^  there  are  lead- 
ing objects  in  the  universe^  which^  as  nations  ad- 
vance in  civilization^  seem  naturally  to  direct  their 
attention  to  certain  sciences  in  succession.  The 
brilliancy  of  the  sun^  moon^  and  planets^  their  va- 
rious motions^  and  connection  with  the  changing 
seasons^  would  first  arrest  the  attention  of  the  rude 
philosopher;  nor  need  we  wonder^  that  he  soon 
began  to  regard  them  as  endowed  with  life  and 
intelligence^  and  attributed  to  them  a  mysterious 
power  over  human  affairs :  thus  the  heavenly  orbs 
became  the  objects  of  religious  adoration ;  and 
curiosity^  hope^  and  fear^  lent  their  aid  to  the  early 
cultivation  of  astronomy. 
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Mathenatics  and  mechanical  philosophy  are  so 
intimaleijr  coimected  with  astronomy  and  the  most 
naefiil  arts,  that  they  naturally  claimed  the  second 
pbce  aoiong^  the  early  sciences. 

The  branches  of  philosophy  which  comprise  a 
knowledge  of  the  physical  qualities  of  matter,  or 
sttch  as  are  perceptible  by  the  senses^  foUow  next ; 
and  at  a  kter  period,  chemical  philosophy  or  that 
science  whidi  endeavours. to  ascertain  the  elemen^ 
tary  substances,  of  which  all  material  olgects  are 
compoaed.  In  the  order  of  succession,  mineralogy 
and  geohgy  are  the  hst  of  the  natural  sciences ; 
hr  though  an. acquaintance  with  the  earth  is  more 
important  to  man  than  a  knowledge  of  the  distant 
parts  of  the  universe;  yet,  previously  to  the  cultiva^ 
tion  of  the  other  sciences,  and  of  chemistry  in  par- 
ticular, our  knowledge  of  the  mineral  kingdom 
could  not  extend  much  beyond  that  of  the  rudest 
periods.  Thus  we  find  that  notwithstanding  the 
precious  metab,  and  many  of  the  mineral  treasures 
which  the  earth  contains,  have  been  the  objects  of 
insatiable  cupidity  in  every  age,  yet^  till  the  pre* 
sent  day,  almost  all  that  was  known  of  mineralogy, 
was  confined  to  uneducated  ivorking  miners* 

in  looking  over  the  pages  of  history,  we  may 
observe  that  the  moat  polished  nations  of  antiquity 
had  scarcely  advanced  beyond  a  limited  acquaint^ 
ance  with  astronomy,  geometry,  and  mechanical 
philosophy.  In  modem  Europe,  all  the  natural 
sciences,  geology  and  mineralogy  excepted,  have 
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been  successfully  cultivated^  and  their  progress  has 
been  astonishingly  rapid  ;  but  till  about  the  middle 
of  the  last  century,  the  structure  of  the  earth  had 
scarcely  engaged  the  attention  of  philosophers. 
Near  that  time,  Lehman,  the  German,  first  ob- 
served that  there  are  certain  rocks  which  occupy 
the  lowest  relative  situation  in  different  countries, 
and  that  these  rocks  contain  no  organic  remains : 
hence  he  gave  them  the  name  of  primary,  and 
established  a  division  between  them  and  the  rocks 
by  which  they  are  covered,  in  which  the  remains 
of  animals  or  vegetables  frequently  occur :  the  lat- 
ter he  called  secondary.  In  our  own  country,  the 
Reverend  J.  MicheU,  viras  the  first  person  who  ap* 
pears  to  have  had  any  clear  views  respecting  the 
structure  of  the  external  parts  of  the  earth  :  they 
were  made  public  in  a  valuable  paper  on  the  cause 
of  earthquakes,  in  the  Philosophical  Transactions, 
1759.  About  twenty  years  afterwards,  Mr.  John 
Whitehurst  published  his  "  Inquiry  into  the  origi- 
nal State  and  Formation  of  the  Earth."  His  ob- 
servations were  principally  confined  to  the  rocks 
and  strata  of  Derbyshire.  Independently  of  its 
speculative  opinions,  this  work  was  highly  valuable, 
as  an  attempt  to  describe  the  geology  of  a  district, 
from  actual  examination.  The  great  variety  of 
original  information  it  contained,  and  its  general 
accuracy,  will  remain  a  lasting  monument  of  the 
writer's  industry  and  ability.  Mr.  Whitehurst, 
however,  fell  into  the  same  error  with  the  cele- 


FIRST  AND  SECOND  EDITIONS.  Xi 

brated  Werner  in  Saxony^  an  error  to  which  the 
first  cultivators  of  geology  were  particulariy  ex- 
posed^— that  of  drawing  general  conclusions  from 
local  observations,  and  forming  universal  theories 
from  a  limited  number  of  &cts. 

Though  Mr.  Whitehursf  s  book  was  favourably 
reeoved^  yet  till  the  beginning  of  the  present  cen- 
tury geological  pursuits  made  little  progress  in  En- 
gland. On  the  continent^  the  researches  of  Saus- 
sure^  Pallas^  Werner^  St.  Fond^  Dolomieu^  and 
others^  had  before  this  time  produced  a  powerful 
interest^  and  brought  into  the  field  many  active  and 
enlightened  inquirers.  The  first  general  impulse 
given  to  the  public  taste^  for  geological  investiga- 
tions in  this  country^  was  produced  by  Professor 
Playfair's  luminous  and  eloquent  illustrations  of 
the  Huttonian  theory.  The  leading  feature  of  this 
theory^  that  aD  rocks  or  strata  have  be^i  either 
formed  or  consolidated  by  central  subterranean  fire^ 
was  very  warmly  opposed ;  and  much  personal  animo- 
sity and  many  adventitious  circumstances  were  as- 
sociated with  the  contest^  not  highly  honourable  to 
philosophy^  but  well  calculated  to  keep  alive  the 
attention  of  the  disputants^  to  those  appearances  in 
nature^  which  fi^ivoured  or  opposed  their  different 
theories. 

He  who  attempts  to  make  a  scientific  subject 
familiar^  runs  the  risk  in  this  country  of  being 
deemed  superficial :  a  plentiful  share  of  dullness^ 
c%>mbined  with  a  certain  degree  of  technical  pre- 
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cidonj  are  regarded  as  essential  proofs  of  pro- 
fundity.    By  prescriptive  rigiit^  lon^  established  in 
these  realns^  dullness  and  pedantry  guard  the  por- 
tals of  the  temple  of  Science^  and  command  those 
who  enter^  to  avert  their  eyes  from  whatever  can 
elevate  the  imagination^  or  warm  the  hearty  and  to 
look  at  nature  through  a  sheet  of  ice.     In  com- 
pliance with  their  authority^  writers  of  introductory 
treatises^  have  generally  thought  it  necessary  to 
avoid  that  felicity  in  the  familiar  illustration  of 
scientific  subjects^  so  conspicuous  in  some  of  the 
elementary  works  of  our  neighbours.    Without 
venturing  to  depart  too  far  from  es^blished  usage^ 
I  have  endeavoured  to  render' geol<^  more  intel- 
ligible^ by  avoiding  as  much  as  possible  theoretical 
and  technical  language^  and  by  introducing  a  i^m- 
pie  arrangement^  suited  to  the  present  state  of  our 
knowledge.    The  local  illustration^  from  various 
parts  of  our  island^  with  the  drawings^  sections^  and 
map  in  the  present  volume^  will  I  trust  facilitate  the 
study  of  geology^  and  prove  particularly  acceptable 
to  those  who  are  entering  on  these  inquiries :  at 
the  same  time^  I  flatter  myself  with  the  bope^  that 
the  original  information  this  woric  contains^  respect- 
ing the  geology  and  natural  history  of  England^ 
will  secure  it  a  candid  reception. — Edition  of  IS13. 
Several  have  been  deterred  from  the  study  of 
gedogy  by  the  supposed  difflculty  of  learning  its 
attendant  science^  mineralogy ;  but  an  acquaintance 
with  the  nice  distinctions  made  by  many  modern 
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mioenlQgMto,  is  not  neeeMaryto^in  a  knowledge 
of  the  ttruGtiire  and  amngemeiit  of  the  great 
vattteof  matteirthai  environ  the  globe,  nor  of  the 
subftanoei  of  whioh  they  are  composed.    He  who 
would  gain  auaelnl  knowledge  of  geology^  would 
do  weU  to  provide  Unndf  with  specimens  of  com- 
mon rocks^  and  the  iinple  minerals  of  which  they 
are  composed^  and  examine  their  tatemal  charac- 
ters and  physical  properties^  comparing  them  with 
the  descriptions  gmn  by  the  best  mineralogical 
writers*    Fortunately  these  substances  are  not  very 
iiamefous,  add  h0  may  (witihiait- present  incoiive* 
nieace)  omit  the  quore  rare  crystallizations  and  va« 
rieties^  so  much  valued  by  cabinet  philosophers; 
fttr  here^  as  in  many  other  instances;  the  received 
vahie^  is  in  an  invene  n^o  of  the  utility*  The  pe* 
daatic  nomenchture,  and  frivolous  distinctions  re« 
cently  introduced  into  mineralogy^  may  graUfy 
vanity  with  a  parade  of  knowledge ;  but  they  are 
uncodnected  with  objects  of  real  utih'ty^  or  with 
any  enlarged  views  of  nature. 

On  hearing  the  various  names  which  miiieralo* 
gists  give  to  the  same  substance^  and  observing  the 
avidity  with  which  each  new  name  is  seized^  as  if 
it  conveyed  a  hidden  i^harm^  the  uninitiated  might 
suppose^  that  he  was  '^  journeying  in  the  land  of 
Sbinar,"  and  had  fallen  in  company  with  a  set  of 
masons  fresh  from  the  tower  of  Babel^  each  one 
calling  the  same  stone  by  a  different  name^  and 
glorying  in  his  absurdity.    Such  frivolities  disgust 
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men  of  sense  with  the  study  of  an  important  and 
interesting  science;  a  science  that  has  for  its  imme- 
diate object^  the  structure  of  the  planet  which  the 
Author  of  nature  has  destined  for  our  abode^  and 
an  acquaintance  with  the  situation  of  its  various 
mineral  productions^  subservient  to  the  wants  or 
ei\joyment8  of  man  in  civilized  society. 

The  advice  of  Cicero  to  the  cultivators  of  moral 
science^  applies  with  peculiar  force  to  the  geologists 
and  mineralogists  of  the  present  day.  ^'  In  these 
natural  and  laudable  pursuits^  two  errors  are  par-  u 

ticularly  to  be  avoided :  the  first,  not  to  confound 
those  things  of  which  we  are  ignorant  with  those 
we  know^  or  rashly  to  yield  our  assent  without  due 
investigation ;  the  second^  not  to  bestow  too  much  ' 

labour  and  study  on  obscure^  intricate^  and  unpro- 
fitable  subjects."  *'  In  hoc  genere  et  naturali  et  ho- 
nesto  duo  vitia  vitanda  sunt :  unum^  ne  incognita 
pro  cognitis  habeamus^  bisque  temere  assentiamur 
(quod  vitium  effugere  qui  volet  adhibebit  ad  con- 
siderandas  res  et  tempus  et  diligentiam).  Alterum 
estvitium^  quod  quidam  nimis  magnum  studium 
multamque  operam  in  res  obscuras  atque  difficiles 
conferunt^  easdemque  non  necessarias.''— *Cic.  Cf- 
fie.  i.  6. 
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DESCRIPTION  OP  THE  PLATES. 


Plate  V. 
Ths  Gigantic  Trilobite  of  the  natural  size  {to  face  the  title). 

From  a  specimen  in  the  Author's  collection. — ^This  specimen  was 
taken  from  the  slate  quarries  at  Angers  in  France.  The  animal  has 
received  the  name  of  Ogyges ;  it  is  supposed  to  be  one  of  the  oldest 
inhabitants  of  the  globe.  The  living  animal  which  resembles  it  the 
most,  is  the  Monoculus  Apus. 

Plate  I. 

Fig.  1 .  2. 3. 4. 5. 6.  Illustrations  of  plane  and  curved  stratification . 
(See  Chap.  IV.) 

Plate  II. 

Fig.  1 .  Overlapping  strata  with  straight  edges. 

Fig.  5.  Overlapping  strata  with  curved  edges. 

Fig.  2.  Structure  of  a  part  of  the  Alps,  representing  the  beds, 
nearly  vertical,  that  approach  the  central  range,  and  the 
bended  stratification  of  the  outer  ranges.  The  dotted 
lines  represent  the  supposed  extension  of  the  beds  at  the 
period  of  their  elevation,  d  d.  granite  and  mica-slate, 
c  c  beds  of  soft  slate,  a  a  a.  b  b.  beds  of  limestone, 
sandstone,  and  conglomerate. 

Fig.  4.  A  section  representing  the  arrangement  of  the  rocks  and 
strata  at  Chamwood  Forest  in  Leicestershire,  from  the 
manor  of  Whitwick,  to  near  Barrow-on-Soar.  In  this 
section  the  proportions  of  distance  are  disregarded,  in 
order  to  bring  the  different  rock  formations  vnthin 
the  space  of  the  plate,  a  a  a.  stratified  sandstone, 
b  b.  rocks  of '  granite,  sienite,  and  porphjny.  c  c. 
slate-rocks  of  Swithland  quarry ;  the  beds  much  ele- 
vated, d  d.  coal  strata,  rising  towards  the  granitic 
and  slate^rocks.  e.  lias,  covering  the  red  marie.  It  is 
obvious  from  this  arrangement,  that  the  strata  of  sand- 
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Stone  a  a  a,  were  deposited  upon  the  slate-rocks  and 
granite^  after  the  beds  had  been  raised  into  their  present 
position :  whereas  in  Fig.  2.  the  beds  a  a.  have  evi- 
dently been  deposited  before  the  beds  of  granite  in  the 
Alps  were  elevated  j  and  as  these  beds  a  a.  are  of  more 
recent  Ibnaation  than  the  sandstone  a  a.  in  Fig.  4.  their 
position  proves  decidedly^  that  the  beds  of  granite  in  the 
Alps,  were  elevated  after  the  beds  of  granite  and  slate  in 
Leicestershire.    (See  Chap.  X.) 

Fig.  3.  A  granite  vem  in  slate. 

Fig.  6.  The  remaining  portion  of  a  thick  bed  of  limestone  forming 
an  isolated  mass  b.  on  a  mountaiii  in  Savoy,  a  a.  the 
former  extent  of  the  bed.    c  c.  a  bed  of  soft  sandstone. 

Plate  III. 

Fig.  1.  The  conformable  position  of  rocks,    a.  granite,   b.  gneiss. 

c.  mica-slate,  d  d.  slate,  x  x.  a  subordinate  bed  of 
limestone  on  slate.  2.  a  bed  of  conglomerate,  e  e* 
transition  limestone  and  greywacke.  e.  upper  con- 
glomerate.   F  F.  coal  strata* 

Fig.  2.  A.  Unconformable  massive  rocks.  A  thick  bed  of  por- 
phyry or  basalt,  c.  c.  covering  the  transition  rocks  1.2.3. 
and  dykes  of  porphyry  or  basalt  intersecting  transition 
rocks. — N.  B.  The  porphjny  at  Cbristiania  in  Norway 
occurs  in  this  position ;  the  lower  part  of  it  is  amygda- 
loidal  basalt  ^  the  middle  part  is  porphyritic,  whidi 
passes  in  the  upper  to  beautiful  sienite  and  common 
granite.  (Seepage  190.)  The  rocks  b.  on  the  rights 
represent  the  three  modes  of  basalt : — a  columnar  bed, 

d.  with  a  vertical  dyke  of  basalt,  and  beds  of  interposed 
basalt,    b,  is  an  isolated  cap  of  columnar  basalt. 

Fig".  3.  Unconformable  strata  of  sandstone,  covering  coal  strata 
on  the  side  of  the  dip  b.  and  on  the  side  of  the  rise  d. 
(Seepage  175.) 

Fig^.  4.  A  section  representing  the  general  arrangement  of  the 
strata  near  Dudley,  a.  Wren's  Nest  Hill,  a,  b.  two 
elevated  beds  of  limestone,  the  lower  of  which  is  worked 
by  horizontal  passages  over  each  other.  The  beds  of 
limestone  are  folded  round  the  hill,  as  represented  in  the 
small  compartment,  e.  which  is  an  horizontal  section  of 
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the  two  htda  of  liiMBlone  %  b.  The  thirty  feet  bed  of 
Staffordshire  ooat«  c.  is  seen  crof>pingout  neerthe  foot  of 
Wren's  Nest  HilL  ».  the  arrangement  of  Ihe  limestone 
strata  at  Dudley  Castle  Httt.  d.  a  hiH,  capped  with 
basalt,  hi  tlds  section  the  proportion  of  distance  has 
been  disregarded,  ibr  the  same  reason  as  in  Plate  2. 
iig.4. 

Plate  IV. 

Fig.  1.  Arrangement  of  the  strata  from  Sheffield  in  Yorkshire  to 
Castleton  in  I>erby8hire.    (See  page  77.> 

Fig.  2.  Coal  strata;  armaged  in  basin«shaped  conlearities^  and  in- 
tersected by  a&alt.  (See  page  152«)  N.B.  By  an  error 
of  the  press,  it  is  referred  to  Plate  3. 

Fig.  3.  Coal  strata  thrown  np  by  a  broad  dyke.  (See  pages  153 
and  154.) 

Fig.  4.  Metallic  veins,  a  a.  a  vein  divided  by  the  vein  b  b.  c  c.  a 
pipe  vein. 

Fig.  5.  Metallic  veins  in  limestone,  cut  through  by  toadstone. 

Plate  VI. 

Outline  Map  of  the  Geology  of  England  and  Wales^  and 
a  section  of  the  Vale  of  Thames. 

Plate  VIL 

Fig.  1.  A  secdon  of  England  through  Durham  and  Cumberland. 
The  remaining  figures  in  this  plate  are  sections  and 
ground  plans  of  metallic  veins,  (see  Chapter  XVII.)  and 
a  group  of  columnar  trap-rocks. 

Vl^ooD  Cuts. 

The  Volcanic  Mountain  of  Pariou   page  360 

Fall  of  Mont  Grenier page  429 
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The  Gigantic  Trilobite,  to  face  the  Title. 
Plate  1.  II.  III.  IV.  VI.  VIL  to  face  Chapter  L 
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INTRODUCTION  TO  GEOLOGY. 


CHAPTER  I. 

Objects  of  the  Science  denominated  Geology. — The  Shape  and 
Density  of  the  Earth. — Opinions  respecting  the  internal  Parts 
of  tlM  Globe.-— Sea  and  dry  Land. — Proportion  of  the  Earth^s 
Sorface  habitable  by  Man. — On  the  A  ppearances  which  led  to 
the  first  Divisioii  of  Rocks  into  Primary  and  Secondaij.-^ 
Classification  of  Rocks.— Districts  in  which  the  different 
Classes  appear  in  England. — The  present  Islands  and  Conti- 
nents formerly  covered  by  the  Ocean. — Existing  Proofs  of 
this  in  Great  Britain  and  vaiions  Parts  of  the  World. — Fossil 
Remains  of  marineAaifflalSyVegetables,  and  land  Quadrnpeds ; 
the  Strata  in  which  they  are  imbedded  formed  in  Succession 
at  different  Epochs. — On  human  Bones  occasionally  imbedded 
in  Rock. — Inferences  respecting  the  former  Condition  of  the 
Globe. — Remarkable  Passage  in  the  Institutes  of  Menu. 

There  are  perhaps  few  persons  possessed  of 
nuch  curiosity  in  early  life>  to  whom  the  following 
question  has  not  frequently  presented  itself — What 
is  the  world  made  qf?  Now  this  question^  with 
certain  conditions^  comprises  the  roost  important 
objecto  of  geological  research ;  namely,  JVhat  are 
the  substances  of  which  the  Earth  is  composed  ? 
What  is  the  order  in  which  they  are  arranged  ? 
What  are  the  changes  they  appear  to  have  under- 
gone ? — But  how  are  satisfactory  answers  to  these 
inquiries  to  be  obtained  ? 

B 


2  PRACTICAL  GEOLOGY. 

« 

Wlien  we  examine  the  terrestrial  globe,  where 
the  solid  parts  are  uncovered  and  exposed  to  our 
view^  we  observe  vast  masses  of  rock  or  stone  lying 
in  apparent  confusion  on  each  other ;  or^  should  we 
perceive  some  regularity  in  their  position  and  ar- 
rangement^ we  soon  lose  sight  of  it  again  by  the 
intervention  of  other  rocks.  In  this  department  of 
nature  all  seems  vast^  unshapen^  and  chaotic ;  but 
let  us  not  be  discouraged^  for  we  may  recollect  that 
the  grandest  objects  in  the  material  universe^  sel- 
dom present  to  the  hasty  view  of  the  superficial  ob- 
server^ immediate  proofs  of  order  or  design.. 

The  shepherd  who  first  discovered  that  the  pla- 
nets were  not  fixed  in  the  heavens^  and  noticed  their 
apparently  intricate  wanderings  among  the  stars^ 
could  not  possibly  anticipate  the  regularity  and  har- 
monious simplicity  of  their  movements,  which  sub- 
sequiBit  observations  have  demonstrated. 

Let  us  then  endeavour  to  ascertain  by  what 
means  we  may  become  acquainted  with  the  struc- 
ture of  the  solid  covering  of  our  globe.  Were  these 
means  bounded  by  the  power  of  man  to  penetrate 
below  the  surfiEure,  our  knowledge  must  ever  remain 
very  limited  and  imperfect ;  but  natural  operations 
have  greatly  facilitated  our  inquiries,  and  have 
broken  the  rocky  pavement  of  the  globe,  and  raised 
up  or  hid  bare  the  mineral  substances  of  which  it 
is  composed.  By  an  attentive  examination  of  the 
situations  where  the  rocks  and  strata  are  thus  ex- 
posed to  our  research,  we  lay  the  foundation  of  the 
science  denominated  Geology. 

Geology  is  derived  from  two  Greek  words,  yri  ''the 
earth"  and  Xoyoc  ''reason",  and  signifies  the  Science 
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of  tlie  Eflirth.  Werner  and  hit  dtscipleft^  and  ako 
some  of  the  French  geologists^  haye  changed  the 
term  into  Oeagwuty;  but  for  this  change  no  tuf* 
icient  reason  can  be  assigned^  and  it  is  contrary  to 
established  analogies  of  langaage*.  Philosophers 
in  fonner  ages^  neglected  the  examination  of  the 
earthy  and  contented  tbemsehes  with  rain  specula- 
tions respecting*  its  formation;  whereas  the  only 
proper  answer  to  the  question  Haw  wag  the  world 
made  J  is  briefly  this-^'^  By  the  almighty  power  of 
its  Creator^'.  We  may  however  be  permitted^  and 
indeed  we  are  almost  irresistibly  impelled  to  inquire 
into  the  nature  of  the  secondary  causes^  that  have 
been  opemtiTe  in  reducing  the  surface  of  our  globe 
to  its  present  state.  This  inquiry  comprises  what 
may  properly  be  denominated  Speculative  Geobgy^ 
Nor  is  this^  as  some  assert^  entirely  useless:  the 
advocates  of  particular  systems  have  engaged  in  an 
active  examination  of  nature  to  support  their  opi* 
ntons^  and  have  '^  compassed  sea  and  land  to  gain 
proselytes  r"  thus  numerous  facts  have  been  disco* 
vered^  with  which  we  should  not  have  been  ac« 
quainted  had  they  remained  idle  in  tfreir  studies. 

Hie  earth  is  now  well  known  to  be  one  of  those 
globular  bodies  called  planets^  that  revolve  round  the 
sun  in  orbits  nearly  circular^  and  in  stated  periods 
of  time  which  bear  a  certain  ratio  to  their  respective 
distances  from  it.   They  turn  round  their  axes  with 


*  NothiDg  cao  be  more  anmeaning  tban  the  apologies  that  have 
been  offered  for  substituting  yyw^if  (^gnosis)  "  knowledge,"  for 
Xv/os(iogos}  **reason".  Bjthe  same  rale  weonght  to  change  me. 
^^onlogjy  physiology,  &c.  into  meteorognosy,  phyriognosy,  &c. 

b2 
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different  deg^rees  of  velocity ;  and  this  motion  ap^ 
peaiis  to  have  had  considerable  influence  on  their 
external  sbape^  by  enlarging  their  equatorial  dia- 
meters ;  they  are  not  perfect  spheres^  but  are  more 
or  less  flattened  at  their  poles. 

In  the  planet  Jupiter^  the  velocity  of  the  equa^ 
torial  parts  is  more  than  four  hundred  miles  per 
minute^  whilst  in  the  same  time  the  equatorial  parta 
of  the  Earth  have  moved  only  seventeen*  miles.  A 
difference  between  the  polar  and  equatorial  diameter 
of  Jupiter  is  perceptible  with  a  telescope  that  has  a 
distinct  magnifying  power  of  a  hundred  times^  ^nd 
it  is  ascertained  to  be  as  IS  to  13.  The  equatorial 
diameter  of  the  earth  exceeds  its  polar  about  twenty- 
seven  miles ;  the  length  of  the  equatorial  diameter 
being  7927,  that  of  the  polar  7900  miles. 

The  relative  density  of  the  sun^  the  earth,  and  of 
the  other  planets.  Is  estimated  by  the  attractive  force 
which  they  exert  on  each  other,  as  they  move  round 
their  common  centre  of  gravity.  The  absolute  den- 
sity or  the  quantity  of  matter  contained  in  the  earth, 
compared  with  an  equal  bulk  of  any  known  sub- 
stance, may  be  nearly  determined  by  ih6  attractive 
force  which  any  given  mass  of  matter  exerts  upon 
a  (dummet  (when  suspended  in  its  vicinity)  to  draw 
it  from  a  vertical  line.  This  will  be  proportional  to 
the  absolute  quantity  of  matter  in  tliat  mass  com- 
pared with  that  of  the  earth.  By  this  method,  it 
has  been  found  that  the  mean  density  of  the  earth 
is  about  five  times  greater  than  that  of  water,  or 
nearly  twice  the  average  density  of  the  rocks  and 
stones  on  the  surface. 

Hence  it  may  be  inferred  that  the  interior  part 
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of  the  earth  is  solid ;  or^  if  it  be  cavernous^  the  solid 
matter  must  possess  great  density.  It  is  not  impro- 
bable that  iron^  nearly  in  a  metallic  state^  may  be 
one  of  the*  constituent  parts  of  the  central  roass^  and 
to  this  it  m^y  owe  its  mag^netic  polarity. 

Dr.'Halley  has  written  a  very  ing^enious  paper 
in  the  Philosophical  Transactions^  to  prove  that  the 
earth  is<a  hbUow  sphere^  in  which  there  is  inclosed 
a  cential  magnetic  globe^  and  by  the  motions  of  this 
globe  the  variations  of  the  magnetic  needle  are  pro- 
duced. The  celebrated  French  astronomer  Liaplace 
asserts  that  the  nutation  of  the  earth's  axis^  and  exr 
periments  on  the  vibration  of  the  pendulum,  indicate 
tbat  the  mineral  beds  of  which  our  planet  is  com- 
|iosed^  increase  in  density  as  they  approach  nearer 
to  its  centre,  at  least  to  a  certain  depth  from  its  sur* 
&ce.     There  are,  however,  terrestrial  phaenomena, 
such  as  the  rapid  transition  of  motion  to  very  distant 
parts  of  the  earth's  sur&ce  during  violent  earth- 
quakes>  which  would  render  probable  the  existence 
of  interior  cavities  filled  with  fluid  or  gaseous  matter, 
and  extending  from  one  quarter  of  the  globe  to  the 
other,  and  from  the  lower  parts,  to  near  the  surface. 
It  is  evident  that  we  have  no  means  of  verifying  or 
invalidating  hypotheses  respecting  the  nature  and 
structure  of  the  central  parts  of  the  globe.     The 
matter  thrown  up  from  vast  and  unknown  depths  by 
subterranean  fires  is.  similar  to  that  of  many  rocks 
on  the  surface ;  but  we  know  not  what  changes  it 
has  undergone,  or  what  substances  were  separated 
from  it  by  fusion. 

It  is,  however,  the  study  of  the  crust  of  the  globe 
that  is  the  proper  occupation  of  the  Geologist ;  and 
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the  greatest  depth  to  \fliich  he  can  extend  hk  ab^ 
senradonB  from  the  upfpermost  «tnli%  to  thej  <Tery 
lowest  beds- that  have  been  raised  up  or  laid  ba<€t4iy 
these  natural  operations  ^idi  have  formed  neiittr 
tains  or  valleys,  is  less  than  eight  mties ;  a  thtckaeas 
which,  compared  with  the  bulk  of  the  earth  itielf, 
does  not  exceed  that  of  «  coat  of  tarnish  tipcsi  an 
artificial  terrestrial  gleba  Were  we  to  bear  this 
sufficiently  in  mind,  the  mij^ty  catastrophes  whichi 
hare  changed  the  snrfiice  of  the  globe  in  former 
periods,  and  have  left  traces  of  their  action,  appall*- 
ing  txi  the  imagination,  would  cease  to  exceed  the 
sober  measure  of  belief. 

The  superficies  of  our  planet  is  cdcnlated  to  con- 
tain about  one  hundred  and  ninety  miUions  of 
square  miles ;  but  could  we  be  raised  to  a  sufficient 
height  above  the  earth,  so  as  to  have  its  whole  en- 
lightened hemisphere  for  our  horizon,  we  might 
peneive  as  it  revolved  under  oar  feet,  bow  small  a 
portion  is  fitted  for  the  habitation  of  man.  More 
than  three  fifths  of  the  earth's  surfiu^e  are  covered 
by  the  ocean ;  and  if  from  the  remaining,  part  we 
deduct  the  space  occupied  by  polar  ice  and  eternal 
snow,  by  sandy  deserts,  steril  mountains,  marshes^ 
rivers  and  lakes,  the  habitable  portion  will  scarcely 
exceed  one  fifth  of  the  whole  of  the  globe.  Nor 
have  we  reason  to  believe  that  at  any  former  pe- 
riod, the  dominion  of  man  over  the  earth  was  more 
extensive  than  at  present  The  remaining  four 
fifths  of  our  globe,  though  untenanted  by  mankind, 
are  for  the  most  part  abundantly  stocked  with  ani- 
mated beings,  that  exult  in  the  pleasure  of  existence, 
independent  of  human  oontroul,  and  no  way  sub* 
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servient  to  our  neceMities  or  caprice.  Sudi  b  and 
has  been  for  several  thousand  years  the  actual  coofr 
(tition  of  our  planet ;  aor  is  the  consideration  fo- 
reign to  our  subject^  for  hence  we  nay  StA  kss 
rdudanee  in  adnitting  the  prolonged  ages  or  days 
of  creation^  when  nmserous  tribes  of  the  lovrer 
oiden  of  aqnatic  animals  lived  and  ioorished^  end_ 
left  their  remains  imbedded  in  the  strata  that  com* 
pose  the  o«ter  crust  of  our  phnet. 

The  ocean  has  been  an  important  agent  in  effectr 
ing  vast  changes  on  the  surfitee  of  our  globe,  ^ich 
win  be  aftenraids  considered.  The  avierage  depth 
of  the  sea  has  been  different^  estunated ;  according 
to  Laplace  this  depth  eaanot  be  less  than  tea 
miles,  to  acawnt  for  the  height  of  the  tides  by 
the  laws  of  gravitation.  No  adaieiaufement  by 
soundings  has  exceeded  the  depth  of  one  mile  and 
a  quarter. 

The  ocean  has  not  ahrc^s  been  confined  ia  its 
present  bed,  for  rocks  almost  entirely  composed  of 
the  aheiis  w  remains  of  marine  animals,  are  found 
m  almost  every  country  that  has  yet  been  explored, 
and  these  remains  eocor  near  the  summits  of  the 
highest  mountains,  in  the  old  end  new  continents, 
some  of  which  rise  more  than  two  miles  above  the 
present  level  of  the  sea. 

It  is  well  known  that  the  water  of  the  sea  con- 
tains a  considerable  portion  of  oommoR  salt,  and  a 
smsll  portion  of  other  saline  ingredients  *.  The 
average  amount  of  salt  in  the  ocean  may  be  esti- 


*  Tke  ioqoiiy  has  oTiea  been  nsde,— wheace4id  ^he  sea  derire 
ite  MdiDe  cooteats  ?    It  has  beea  suppoa^d  by  iiome  writers  that 
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mated  at  S^  per  cent  of  common  salt  and  ^  per 
cent  of  other  saline  compounds. 

The  atmosphere  which  surrounds  the  earth  does 
not  come  under  the  attention  of  the  g^eologist^  ex- 
cept as  an  agent  in  wearing  down  the  sur&ce  l^ 
moisture  and  change  of  temperature. 

The  inequalities  of  the  earth's  surface  formed  by 
mountains  and  valleys^  afford  frequent  opportuni- 
ties for  observing  that  the  mineral  substances  of 
which  it  is  composed^  are  of  different  kinds :  in  some 
situations  we  observe  strata  of  chalk;  in  others^  of 
sandstone  or  limestone^  or  beds  of  slate^  granite^ &c. 
It  was  long  known  to  working  miners^  that  the  dif- 
ferent beds  of  mineral  matter  lay  over  each  other  in 
a  regular  order  in  certain  districts,  and  that  certain 
beds  were  always  found  under  and  never  above 
other  particular  beds. 

The  first  geological  observation  which  may  be 
said  to  have  laid  the  foundation  of  the  science^  was 
made  by  the  German  Lehman.  He  found .  that  the 
lower  rocks  in  some  of  the  mining  districts  were 
distinguished  from  the  upper  rocks  by  their  great 
hardness  and  by  their  structure^  which  was  for  the 
most  part  either  crystalline  or  slaty ;  they  were  also 
distinguished  by  the  absence  of  shells  and  other 

the  salt  ia  the  sea  has  been  gradually  augmented  by  saline 
particles  brought  into  it  by  rivers ;  but  this  cause  is  totally  inade. 
quate  to  explain  the  immense  quantity  of  salt  existing  in  the 
irhole  nuisa  of  the  ocean.  If  the  average  depth  of  the  sea  be 
ten  miles,  and  it  contain  24-  per  cent  of  salt^— were  the  water  en- 
tirely evaporated,  the  thickness  of  the  saline  residue  would  ex- 
ceed one  thoasand  feet ;  and  were  this  removed  and  spread  over 
all  our  present  continents,  it  would  form  a  stratum  of  solid  rock, 
salt  more  than  half  a  mHe  in  thickness. 
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organic  remains^  and  by  the  absence  of  fragments 
of  other  rocks  which  occur  so  frequently  in  the 
upper  rocks  or  strata.  He  further  observed  that 
many  of  the  upper  strata^  besides  containing  organic 
remahiif^  appeared  to  have  been  formed  of  fragments 
of  the  lower  rocks,  broken  down  and  agglutinated 
together ;  and  hence  he  inferred^  that  the  lower 
rocks  were  formed  prior  to  the  creation  of  animals, 
and  he  gave  them  the  nMae  of  Primiiive  or  Primary, 
and  distinguished  the  upper  by  the  name  of  Se^ 
condary.  This  grand  division,  though  too  hastily 
fi>rmed,  was  of  use  in  the  infancy  of  the  science, 
and  induced  geologists  to  examine  more  attentively 
the  nature  and  position  of  the  rocks  in  different 
countries  :  and  as  (heir  observations  became  more 
extended  and  accurate,  a  more  extended  arrange- 
inent  and  daiBification  vras  found  necessary.  Many 
of  the  earlier  geologists  maintaioed,  that  each  bed 
or  stratum  of  rock  is  extended  universaHy  over  the 
globe,  and  that  a  series  of  beds  in  regular  succes- 
sion environs  our  planet  like  the  coats  of  an  onion. 
This  position  is,  however,  much  too  general,  as 
many  beds  of  rock  which  are  common  in  one  coun- 
try, are  entirely  wanting  in  another ;  but  taken  as 
an  illustration  of  the  structure  of  the  crust  of  our 
globe  over  a  limited  extent,  the  successive  coats  of 
an  onion,  if  they  were  of  different  colours^  might 
not  unaptly  represent  the  different  strata  that  cover 
certain  districts. 

It  may  here  also  be  proper  to  observe,  that  the 
different  strata  which  occur  under  each  other  are 
not  arranged  in  the  order  of  their  density  or  specific 
gravity.  Coal  strata,  for  instance,  are  often  covered 
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with  strata  of  iron-stone,  tbe  specific  gravity  of 
which  is  more  than  twice  that  of  coaL 

I  shall  now  froceed  to  enumerate  the  different 
dasses  of  rocks  generally  admitted  by  geologists, 
and  briefly  describe  the  principal  characters  of  each 
class ;  and  in  order  to  direct  the  attention  of  the 
reader  more  forcibly  to  the  subject^  I  shall  trace  on 
an  outline  map  the  principal  situations  in  our  own 
island,  where  rocks  of  each  class  occur,  except  the 
recent  volcanic. 

AU  the  different  rocks  and  strata  that  cov^r  the 
earth's  sur&ce  may  be  arranged  under  the  follow- 
ing classes :— • 

1.  Primary. 

9,  Intermediate  or  Tmnsitioii. 

3,  Secondary;  comprising 

.    The  Lower  Secondary  Series,  and 
The  Uppw  Secondary  Series. 

4.  Tertiary. 

£.  BaeaHic  and  Vcrfcaaic 

6.  DiluTial  and  Alluvial  Ground*. 

Hub  arrangement  is  sufoaftantiaily  followed  by 
most  gedogists  of  the  present  day^  though  with  some 
aaodification  of  the  names.    Several  of  the  French 


*  Though  the  summits  of  Mont  Blanc  and  many  of  the  highest 
moantftiDfl  in  the  southern  chain  of  the  Alps  are  granitic,  Hie 
Fiimfr*  of  the  JoDgftan  and  the  iiiglieflt  monotainl  In  tiie 
northern  chain  of  the  Alps  are  generally  con^sed  of  Becondaiy 
strata  covering  the  granite.  In  England  and  Wales  the  highest 
mountains  are  covered  bj  rocks  of  the  transition  class,  and  the 
granitic  or  other  primary  rocks  appear  only  near  their  bases. 
In  Scotland  some  of  the  Ughest  monntalns  are  composed  of 
rocks  of  the  pomary  class. 


It 


geologistB  dui  the  lometweMmduey,  iadading  4be 
cobI  strate^  widi  the  intbroiediateor  tranMtioD  mdcs : 
stNue  ai^eat  areasons  nay  be  advanced  for  adopting 
thas  anrasgeBietit,  whtdl  we  shall  aubsequently 


Pritnmy  or  Primilhe  Roeks^^^eee  m  ealled  be* 
cause  no  foasQ  refnains  of  aninmk  or  vi^elablaij 
mor  any  fki|^cnt8  of  other  rocks  were  found  in- 
bedded  in  them :  hence  it  was  supposed  that  they 
w^e  formed  prior  to  the  creatioa  cMfofganic  beings. 
The  rocks  of  this  dais  are  for  the  most  pari  ex- 
tremely handj  and  the  minerals  of  which  they  are 
composed  are  frequently  more  or  less  perfectly 
crystalliMd.  These  rocks  generaly  ocear  tn  im- 
mense masses  or  beds ;  they  form  the  fewest  part  of 
the  earth's  surface  with  which  we  an  acquainted^ 
and  they  not  only  constitute  the  foundation  on  w^ich 
rocks  of  the  other  chMses  are  laid^  hsit  ia  many  si- 
taations  they  pierce  through  the  incmnbeat  rocks 
and  strata,  and  form  also  the  highest  mouKtains  in 
alpiae  districts.  We  are  not  to  conclude,  when  we 
see  a  mountain  or  range  of  mountains  bounded  by 
a  plain,  that  the  mineral  beds  and  strata  of  which 
these  mountains  are  formed  terminate  at  their  ap- 
parent bases ;  on  the  contmry,  they  dip  under  the 
sur&ce  at  angles  more  or  less  indined,  stretdiing 
bebw  the  lower  grounds  and  hills,  and  often  rising 
again  in  remote  districts. 

That  primary  rocks  environ  the  whole  globe  wiH 
not  admit  of  direct  proof ;  but,  from  their  frequent 
occurrence  in  mountainous  districts  in  (he  most 
distant  parts  of  the  world  that  have  been  examined, 
we  may  infer  that  some  of  the  rocks  of  this  chss 
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oonathute  the.  foundation  rock  of  every  country ^ 
We  have  no  means  of  ascertaining^  that  the  similar 
rocks  of  distant  districts  were  formed  at  the  same 
time,  nor  can  we  be^  certain  that  the  rocks  called 
Primary  have  not  once  contained  organic  remains 
that  were  destroyed  during  the  process  by  which 
they  acquired  their  present  crystalline  structure. 
We  may  however,  with  apparent  probability,  infer 
that  their  formation  was  prior  to  the  existence  of 
animals  or  vegetables  on  our  planet  in  its  present 
state,  because  the  rocks  which  immediately  cever 
them  contain  almost  exclusively  the  organic  remains 
of  the  lowest  .class  of  animals,  which  are  considered 
80  forming  the  first  link  in  the  chain  of  animated 
beings. 

.  On  this  account  these  rocks  have  been  celled 
by  the  German  geologists  trafmtion  rocks,  from, 
the  \suppofiitiofi  that  they  were  formed  when  the . 
world  was  passing  from  an  uninhabitable  to  a 
habitable  state.  Transition,  or  intermediate  rocks. 
are  geneitdly  less  crystalline  than  the  primary ;  they 
contaliiing .  occasionally  organic  remains  of  the 
lower,  classes  of  animals,  and  also  fragments  of  rocks 
of  the  preceding  class.  They  are  frequently  inter- 
posed between  rocks  of  the  primacy  class,  and 
those  more  generally  called  secondary,  and  often 
partake  of  the  character  belonging  to  both.  The 
rocks  of  the  primary  and.  transition  class  are  the 
principal  repositories  of  metallic  ores,  but  in  Europe 
they  contain  few  saline,  or  inflammable  minerals*. 
In  South  America,  according  to  Humboldt,  sulphur 

*  Eioept  we  comprise  coal  strata  ia  the  transUion  series. 


and  bRttHien  exist  in  considerable  quaiititte^.  im 
rocks  denominated  primary. 

Rocks  of  the  titinsition  class  are  not  universally  in- 
terposed between  the  primary  and  secondary  rocks, 
for  in  some  situations  the  transition  series  are  en- 
tirely wantrng*:  thus  in  passing*  from  Lyons  to  Cler-* 
mont  in  the  centre  of  France,  I  observed  the  re«t 
gular  coal  strata  restingupon  a  bedofsand^  clay /and 
rounded  stones,  vrbich  immediately  cover  gpraniie. 

Secondary  Rocks. — ^The  lower  series  are  almost 
all  distinctly  stratified ;  they  consist  chiefly  of  sand* 
stone^  soft  arg'fllaceous  slate  called  shale^  and  beds 
of  coal  and  iron-stone.  Many  of  the  secondary 
strata  of  this  class  abound  exclusively  in  the  fossil 
remains  of  vegetables,  analogous  to  feras,  pafans/ 
and  reeds ;  while  the  rocks  in  the  former' or  trans*^ 
ition  class,  contain  exclusively  the  remains  of  ma- 
rine animals,  they  occur  principally  in  limestone. 
This  change  in  the  nature  of  the  fossil  remains 
in  the  two  classes  of  rocks,  indicates  an  important 
change  in  the  condition  of  the  globe,  prior  to  the 
deposition  of  the  lower  series  of  secondary  strata; 
The  transition  rocks  were  evidently  formed  under 
the  sea,  some  of  the  beds  being  almost  entirely 
composed  of  the  exuvias  of  madrepores  and  encrini,> 
while  the  v^ietable  remains  in  the  secondary  strata 
would  appear  to  indicate  that  they  had  grown  in 
tnarshes  or  fre^h^water  lakes,  covering  the  sur&cet 
where  the  sea  had  formerly  flowed. 

The  upper  series  of  secondary  .rocks  indicate 
another  most  important  revolution  of  the  gIobe# 
The  prevailing  rocks  of  this  series  are  stratified 
limestone,  with  beds  of  clay,  shale,  and  sandstone 
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kiterpoMd.  The  organic  remains  in  tkeae  stMla 
are  chiefly  those  of  marine  animals^  but  of  different 
genera  and  species  from  those  in  the  lower  rocks. 
It  is  in  rock»  of  this  series  that  we  first  meet  with 
remains  of  animak  of  a  higher  dass^  which  pos- 
sessed a  brain  and  spinal  marrow ;  but  these  v^e* 
brated  animals  are  all  of  the  oviparous  order^  snch 
as  fisb^  or  the  saarian  or  lizard  tribe.  Some  of 
these  saurian  animals  were  of  immense  size,  greatly 
exceeding  in  length  and.  bulk  any  saurian  animals 
now  existing. 

Another  important  iact  respecting  the  upper 
series  of  secondary  strata  is,  that  they  appear  to 
have  been  formed  not  only  under  different  circum- 
stances from  the  lower,  but  after  a  long  interval, 
during  which  the  surface  of  the  globe  had  been 
much  fractured  and  displaced ;  for  the  upper  series 
do  not  lie  regularly  upon  the  other,  and  parallel  with 
them,  but  they  cover  the  edges  of  the  lower  strata 
unconformably. 

To  make  this  better  understood)  suppose  a  nom^ 
ber  of  books  to  be  laid  regularly  upon  each  other, 
and  the  lowest  volume  to  be  tilted  up  so  as  to  give 
an  inclined  position  to  the  whole,  if  we  then  take 
other  books  and  place  them  horizontally,  or  nearly 
so,  on  the  upper  edges  of  the  inclined  volumes,  we 
may  then  form  a  distinct  idea  of  the  position  of  the 
npper  series  of  secondary  strata  over  the  lower  »e*- 
ries.  This  position  will  be  more  folly  described  in 
the  4th  chapter.  The  last  of  the  upper  secondary 
strata  is  chalk,  a  rock  well  known  in  the  south  and 
south-east  parts  of  England,  though  entirely  vnmt- 
ing  in  the  north-west  and  in  Scotland. 
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Tertiary  Stratm^-^camprmt  dl  the  regular  beds 
that  Imve  been  deposited  aubeequently  to  the  chalk 
strata^  oo  which  they  frequently  repose.  It  was 
formerly  supposed  that  tertiary  strata  were  Tery 
liiBited  in  extent^  and  were  confined  to  a  lew 
districts  ki  Europe ;  recent  observations^  however^ 
prove  that  strata  of  this  class  cover  consideraUe 
portions  of  the  surface  in  various  countries^  though 
there  are  other  countries  in  which  they  are  entirely 
wanting.  Tertiary  strata  are  the  last  formed  or 
uppermost  of  all  the  regular  rock  forniati<Mfis.  They 
consist  chiefly  of  day^  limestone^  and  friable  sand* 
stone :  the  lower  s^ies  of  these  strata  contain  nu^ 
merous  marine  shells^  while  some  of  the  middle  and 
upper  strata  contain  shells  resembling  those  found 
in  our  present  rivers  or  in  fresh*water  lakes.  The 
most  remarkable  fitct  reacting  the  tertiary  strata 
18,  that  some  of  them  contain  numerous  bones  of 
quadrupeds  of  the  dass  Mammalia^  but  these  for  the 
most  part  belong  to  genera  and  species  which  no 
longer  exist  npcm  the  earth. 

Volcamc  and  Ba9aUic  /2ocArs— -have  been  either 
gected  from  volcanoes^  or  poured  out  in  a  state  of 
fiision  from  rents  and  openings  on  the  earth's  sur&ce. 
They  cover  in  an  irregular  manner  the  rocks  of  the 
preceding  classes.  In  some  situations  the  melted 
mineral  matter  has  taken  a  columnar  form  in  cool< 
ing ;  in  other  situations  it  fills  vast  fissures^  called 
by  miners-— dykes.  Basaltic  rocks  are  very  common 
in  the  northern  part  of  our  island. 

DUucial  and  ^tirtaZ.— 0>nsiderable  portions  of 
the  surfiice  of  the  ground  are  in  many  countries 
eovered  with  thick  beds  of  sand  or  clay>  and  frag< 
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ments  of  rock  and  loose  stones^  more  or  less  round- 
ed by  attrition  :  in  gome  situations  these  have  evi- 
dently been  transported  from  a  vast  distance^  for 
frequently  no  rock  similar  to  the  fragments  occurs 
within  a  hundred  miles,  or  more,  of  the  place  where 
they  are  deposited.  They  indicate  the  action  of 
mighty  inundations,  which  have  swept  over  the 
face  of  our  present  continents.  The  French  have 
given  to  these  depositions  the  name  of  terreins  de 
transport^  a  name  which  defines  them  precisely, 
and  comprises  both  diluvial  deposits  formed  sud- 
denly by  mighty  irruptions  of  the  ocean,  and  allu- 
vial deposits  formed  by  the  gradual  deposition  of 
sediment  at  the  mouths  of  rivers  or  in  lakes. 

The  classes  of  rocks  above  enumerated  have 
their  appropriate  mineral  productions,  and,  with  the 
exception  of  rocks  of  the  first  class,  their  appro- 
priate organic  remains ;  and  it  would  be  as  useless 
to  search  for  regular  beds  of  common  coal  in  the 
primary  rocks,  as  it  would  be  to  search  for  metallic 
veins,  or  statuary  marble,  in  the  tertiary  strata. 

I  shall  proceed  to  elucidate  the  situation  of  the 
difierent  classes  of  rocks  in  England,  by  a  reference 
to  the  outline  map,  Plate  6. 

If  we  trace  a  waving  line  a  a  a  from  the  south- 
Hrest  pf  Dorsetshire  to  the  county  of  Durham,  it 
will  form  a  striking  geological  division  of  England : 
all  the  land  on  the  east  of  this  line  is  composed  of 
the  upper  secondary  and  tertiary  strata,  in  which 
neither  metallic  veins  nor  regular*  beds  of  mineral 
coai  are  found.  The  tertiary  strata  lie  over  the 
upper  secondary  within  the  parts  bounded  by  the 
letters  oooo.    On  part  of  the  eastern  coast  of 


MINERAL  DISTRICTS  OF  ENGLAND.  17 

Yoibhire  and  Lincolnshire  there  is  a  submarine 
forest  about  seventeen  feet  under  the  present  high- 
water  level.  This  forest  appears  to  have  extended 
eastward^  as  stumps  of  trees  and  roots  may  be  seen 
at  low-water  at  a  considerable  distance  from  the 
coast 

West  of  the  line  a  a  A  there  is  an  important 
change  in  the  mineral  productions ;  from  thence  to 
the  line  c  c  c  the  lower  secondary  strata  appear^ 
and  most  of  the  principal  coal  districts  in  England 
occur  within  the  lines  a  a  a  and  c  c  c.  It  is  further 
remarkable^  that  few  if  any  regular  metallic  veins 
are  found  in  this  division.  The  lower  secondarv 
strata  are  also  continued  west  of  the  line  c  c  c^ 
through  the  midland  and  northern  counties^  but 
rocks  of  the  transition  series  occasionally  occur  in 
this  part  of  our  island.  A  very  extensive  coal  dis- 
trict occurs  in  that  part  of  South  Wales  bordering 
the  Bristol  Channel.  On  the  east  of  the  line  c  c  c  it 
may  be  remaiiced,  that  the  strata  generally  incline 
or  dip  to  the  south-east ;  west  of  this  line  they  are 
more  irregular,  and  dip  in  various  directions. 

West  of  the  part  composed  of  the  lower  secon- 
dary strata,  and  coloured  green,  we  meet  with 
rocks  of  the  primary  and  transition  classes,  in  which 
metallic  ores  occur ;  they  constitute  the  alpine  parts 
of  England,  passing  through  Cornwall  and  Devon* 
shire,  into  North  Wales,  and  the  north-west  parts 
of  Yorkshire  and  Lancashire,  and  through  West- 
moreland and  Cumberland,  into  Scotland.  This 
part  is  coloured  red ;  rocks  of  the  primary  class 
chiefly  occur  in  the  parts  distinguished  by  dark 
lines. 
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Near  the  centre  of  Enghnd^  at  Cham  wood  Forest 
in  Leicestershire,  and  at  theMalvem  Hills  in  Worces- 
tershire and  Herefordshire^  the  primary  rocks  pierce 
through  the  secondary  strata^  and  compose  two 
small  districts  of  primitive  country  surrounded  by 
secondary  strata.  Also  in  the  counties  of  Derby*^ 
shire  and  in  the  West  Riding  of  Yorkshire,  and 
part  of  Cumberland  and  Westmoreland,  rocks  of 
transition  or  mountain  limestone  rise  to  a  consi- 
derable elevation  from  beneath  the  secondary  strata^ 
which  occur  east  and  west  of  them  ;  some  of  these 
limestone  mountains  are  rich  in  metallic  ores. 
Along  the  line  b  e,  beds  of  rock-salt  and  the  prin- 
cipal springs  df  brine  are  situated. 

It  must  be  kept  in  mind  when  observing  this 
map,  that  the  tertiary  strata  lie  upon  the  secondary, 
and  the  secondary  upon  the  transition  and  primary 
rooks.  Now,  if  the  tertiary  and  secondary  strata 
had  both  extended  to  the  western  counties,  it  is 
obvious  that  we  could  have  had  no  knowledge  of 
the  existence  of  the  lower  series  but  by  boring 
or  sinking  through  the  upper  series ;  and  the  ag* 
gregate  thickness  of  these,  exceeds  the  power  of 
the  miner  to  pierce  through.  The  tertiary  strata, 
however,  only  cover  a  part  of  the  secondary,  and 
the  secondary  do  not  cover  the  whole  of  the  lower 
series;  so  that  in  travelling  westward,  we  come  im- 
mediately upon  the  lower  strata  in  succession,  as 
they  rise  from,  underneath  each  other;  for,  as  I  before 
observed^  the  general  inclination  or  dip  of  the  beds 
is  towards  the  south-east.  The  action  of  the  sea 
upon  our  coasts  and  cliffs  has  exposed  to  view  the 
succession  of  the  different  rocks  and  strata  in  many 
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parts  of  our  ishndi  and  has  enabled  us  to  obtain  a 
correct  knowledge  of  their  thickness  and  direction^ 
and  of  the  organic  remains  peculiar  to  each  series. 

Before  concluding  the  present  chapter,  let  us  take 
a  view  of  some  of  the  more  striking  appearances, 
which  afford  demonstrative  evidence  that  great 
changes  have  taken  place  in  the  relative  level  of 
the  present  continents,  and  that  the  ocean  has  in 
former  ages  rolled  its  waves  over  what  are  now  the 
most  elevated  parts  of  the  earth.  Many  proofs  of 
this  exist  in  our  own  island^  and  in  various  parts  of 
the  world. 

The  calcareous  or  limestone  mountains  in  Derby- 
shire, and  Craven  in  Yorkshire,  rise  to  the  height 
of  about  two  thousand  feet  above  the  present  level 
of  the  sea.  They  contain  through  their  whole 
extent  fossil  remains  of  zoophytes  and  marine 
animals^  but  more  abundantly  in  some  parts  than 
lo  others.  Particuhr  species  occupy  almost  exclu- 
sively disUnctbeds,  and  in  some  situations  the  whole 
mass  appears  a  compact  congeries  of  mineralized 
organic  remains.  Over  these  vast  beds  of  ancient 
limestone  occur  a  series  of  sandstone  strata  and 
shale,  containing  almost  exclusively  remains  of 
mineralized  vegetables  associated  with  beds  of 
coal.  Over  this  series  we  meet  with  other  calca- 
reous strata,  containing  remains  of  fish  and  enor- 
mous reptiles  of  the  saurian  or  lizard  tribe,  inter- 
mixed with  numerous  species  of  bivalve  and  uni-' 
valve  shells,  but  of  different  genera  or  species  from 
those  living  in  the  present  seas.  Again^  in  tbef 
uppermost  or  tertiary  strata,  we  meet  with  bones 
and  teethr  of  land  quadrupeds  of  the  class  Mam- 
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inaKa,  sonie  of  which  belong  to  unknown  genera^ 
and  .nearly  all  to  unknown  species.  Among  these 
are  the  bones  of  large  animals^  as  the  mastodon, 
the  elephant^  the  rhinoceros^  the  hippopotamus, 
and  the  gigantic  tapir.  These  large  animal  re- 
mains occur  chiefly  in  beds  of  clay  or  gravel,  or  in 
caves.  In  the  latter  situation  they  are  abundantly 
mixed  with  bones  of  smaller  quadrupeds,  of  which 
the  species  no  longer  exist  in  England. 

The  calcareous  mountains  of  the  Jura^  and  the 
puter  range  of  the  Alps,  contain  beds  filled  with  the 
remains  of  marine  animals,  many  of  which  I  have 
examined,  and  found  to  be  similar  to  those  in  the  se- 
condary strata  in  England.  In  the  Alps  they  occur 
at  the  height  of  from  six  to  eight  thousand  feet. 
Similar  phaenomena  are  observed  in  the  calcareous 
mountains  of  the  Pyrenees ;  and  according  to  Hum- 
boldt, organic  remains  occur  in  the  Andes,  at  the 
height  of  fourteen  thousand  feet.  The  distinct  cha- 
racters of  the  animals  found  in  the  upper  and  lower 
beds  in  these  mountains,  as  well  as  in  those  of  our 
awn  country,  prove  that  they  were  not  brought 
jnto  their  present  situation  by  any  sudden  inunda- 
tions,  which  would  have  mixed  different  orders  of 
animals  together.  The  beds  which  contain  exclu- 
sively the  remains  of  animals  of  the  same  species, 
must  have  remained  for  ages  under  the  ocean ;  for 
these  animal  remains  often  compose  nearly  the 
whole  substance  of  a  bed  of  limestone  of  great 
thickness,  as  is  the  case  with  the  beds  of  encrinal 
limestone  in  Derbyshire,  and  the  limestone  called 
coral-ragg  at  Steeple  Ashton. 

The  fossil  remains  of  animals  not  now  in  exist- 
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ence^  entombed  and  preserved  in  solid  rockg^  pre- 
sent us  with  durable  monuments  of  the  great  revo- 
lutions which  our  planet  has  undergone  in  former 
ages.  We  are  carried  back  to  a  period  when  the 
waters  of  the  ocean  have  covered  the  summits  of 
our  highest  mountains^  and  are  irresistibly  com- 
pelled'to  admit  one  of  two  conclusions,*— either  that 
the  sea  has  retired  and  sunk  far  below  its  former 
levels  or  that  some  power  operating  from  beneath^ 
has  lifted  up  the  islands  and  continents,  with  their 
hills  and  mountains,  from  the  watery  abyss,  to  their 
present  elevation  above  its  surface. 

These  organic  remains  present  also  undeniable 
proofs  of  another  fact  equally  interesting.  Every 
regular  stratum  in  which  they  are  disseminated, 
was  once  the  uppermost  rock,  however  deep  it  may 
be  below  the  present  surface,  or  with  whatever  rocks 
it  may  now  be  covered.  This  inference  is  not  the 
less  conclusive,  whether  we  suppose  that  the  ani- 
mals lived  and  died  where  their  remains  occur,  or 
whether  they  were  aggregated  and  carried  by  ma- 
rine currents  into  their  present  situation.  Hence 
we  learn  that  the  secondary  strata  were  formed  in 
succession  over  each  other,  and  thus  these  fossil 
remains  preserve  the  records  of  the  ancient  condi- 
tion of  our  planet,  and  the  natural  history  of  its 
earliest  inhabitants.  The  unknown  causes  by 
which  zoophytes  and  different  genera  and  species 
of  testaceous  animals,  of  reptiles,  vegetables,  and 
mammiferous  quadrupeds  were  buried  in  different 
strata^  have  operated  in  succession  at  distant  inter- 
vals of  time ;  for  we  do  not  find  the  remains  of  dif- 
ferent classes  confusedly  intermixed  together,  ex- 
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cept  in  beds  of  clay  or  gravely  near  the  surface^  or 
in  fragments  of  various  rocks  which  have  been 
broken  down  and  subsequently  united.  Bones  of 
verteb rated  animals^  or  such  as  had  a  brain  and 
spinal  marrow^  have  never  been  found  in  the  lower 
strata ;  nor  have  the  bones  of  the  large  mammi- 
ferous  quadrupeds  ever  been  discovered  below  the 
chalk.  Hence  we  acquire  a  perfect  certainty^  that 
the  different  beds  which  form  the  crust  of  our  pla- 
net^ were  deposited  in  distant  epochs^  and  under 
different  conditions  of  the  globe.  The  animal  re- 
mains in  some  of  the  strata  are  so  delicate^  and  so 
regularly  deposited^  that  we  can  have  but  little 
doubt  that  the  animals  lived  and  died  tranquilly 
where  their  remains  are  now  found :  in  other  strata 
below  or  above^  the  remains  are  broken^  and  the 
animals  appear  to  have  perished  by  some  sudden 
convulsion. 

If  the  bones  of  man^  or  of  mammiferous  quadru- 
peds resembling  existing  species^  have  casually  been 
found  with  fossil  remains  peculiar  to  the  lower  or 
more  ancient  strata^  1  believe  a  careful  examination 
of  all  the  circumstances  would  generally  explain  the 
apparent  anomaly.  I  shall  state  a  remarkable  fact 
of  this  kind^  which  came  to  my  knowledge  when 
engaged  in  a  mineralogical  examination  for  the 
Earl  of  Moira^  in  the  vicinity  of  Ashby-de-la-Zouch^ 
in  Leicestershire  :  it  will  evince  how  cautious  we 
ought  to  be  in  drawing  general  conclusions  in  geo- 
logy^  from  single  facts.  A  thick  bed  of  coal  be* 
longing  to  his  lordship^  at  a  place  called  Ashby 
Wolds^  is  worked  at  the  depth  of  two  hundred  and 
twenty-five  yards ;  it  is  covered  with  various  strata 
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ef  ironstone^  coal^  and  solid  mndstoiie.  On  an  es- 
tate adjoining  to  bis  lordship's  manor^  in  the  same 
bed  of  coal^  (which  is  ninety-seven  yards  below  the 
surfiice,)  the  entire  skeleton  of  a  man  was  found 
imbedded.  No  appearance  existed  of  any  former 
sinking  for  coal ;  but  the  proprietor  order^  pas* 
sages  to  be  cut  in  different  directions,  until  the  in- 
dication of  a  former  pit  was  discovered,  though  the 
coal  had  not  been  worked.  Into  this  pit  the  body 
must  have  fallen^  and  been  pressed  and  consolidated 
in  the  loose  coal  by  an  incumbent  column  of  water, 
previously  to  the  fidling  in  of  the  sides  of  the  pit 

The  imperfect  skeleton  of  a  woman,  imbedded 
in  a  kind  of  calcareous  sandstone,  brought  from 
Guadaloupe,  and  exhibited  in  the  British  Museum, 
may  appear  to  invalidate  what  was  asserted  in  the 
first  edition  of  this  work,  that  no  instances  have 
been  known  of  human  bones  being  found  in  re- 
gular stratified  rocks,  nor  even  in  undisturbed  allu- 
vial ground,  where  the  remains  of  extinct  species 
of  quadrupeds  are  not  unfrequently  met  with*. 

*  Since  the  pabKcation  of  the  first  and  second  editions  of  this 
work,  I  hmfe  seen  in  the  possession  of  a  gentleman  at  Plymouth, 
one  of  two  human  skulls  that  were  found  in  digging  a  stream 
work  forty  or  fifty  feet  below  the  level  of  the  river  at  Carnon  in 
Conwall.  Nuts,  and  the  horns  of  some  animal  allied  to  the  stag, 
were  discovered  in  the  same  situation. — In  a  note  I  made  at  the 
time,  1816,  it  is  stated  that  the  forehead  was  remarkably  low 
and  narrow,  and  the  part  of  the  skull  which  contained  the  cere^ 
bellom  unusoally  prominent.  That  these  skulls  were  ancient 
there  can  be  little  doubt,  but  there  is  no  sufficient  data  to  enable 
tu  to  approximate  to  the  period  of  their  deposition. 

The  bone  was  not  mineralized,  though  very  hard.  The  absence 
or  extreme. rarity  of  human  bones  in  these  beds  of  gravel  and 


84  HUMAN  BONES  IN  SANOSTONB. 

Due  attention  to  all  the  circumstancesj  will  recon- 
cile that  assertion  with  the  present  feet.  The  ske* 
leton  from  Guadaloupe  is  described  as  having  been 
found  on  the  shore  below  the  high-water  mark^ 
among  calcareous  rocks  formed  of  madrepores^  and 
not  far  from  the  volcano  called  the  Souffriere.  The 
bones  are  not  petrified^  hut  preserve  the  usual  con- 
stituents of  fresh  bone^  and  were  rather  soft  when 
first  exposed  to  the  air. .  Specimens  of  the  stone 
which  I  have  in  my  possession^  that  were  chipped 
from  the  same  blocks  present^  when  examined  with 
a  lens^  the  appearance  of  smooth  grains  consisting 
of  rounded  fragments  of  shells  and  coral  aggregated 
and  united  without  any  visible  cement. 

We  have  an  example  of  a  similar  formation  of 
calcareous  sandstone  on  the  north  coast  of  Corn- 
wall^ composed  entirely  of  minute  fragments  of 
shells.  In  the  Arundel. papers^  there  is  mention  of 
an  inundation  of  sand^  which  covered  a  great  part 
of  the  coast  near  St.  Ives  in  the  twelfth  century  : 
it  is  also  known  by  oral  tradition^  that  whole  farms 
have  been  overwhelmed  at  a  period  not  very  re- 
mote ;  and  at  this  very  day^  upon  the  shifting  of  the 
sands  by  high  winds^  the  tops  of  houses  may  occa- 
sionally be  seen.  In  several  parts  of  the  coasts  this 
sand  is  seen  passing  into  the  state  of  compact  rock, 
very  difficult  to  break ;  and  it  is  even  used  for  build- 
ing-stone. Entire  shells  of  land  snails  and  frag- 
ments of  slate  occasionally  occur  in  it  *.     When  I 

claj,  or  ia  caves  that  contain  the  remains  of  large  land  quadra, 
peds,  is  far  more  extraordinary  than  their  non-occurrence  in  the 
regular  strata  that  cover  our  present  continents. 
*  See  Guide  to  Mount's  Bay  and  the  Land's  End. 
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was  in  the  county  I  examined  numerous  specimens 
of  the  rock  with  a  lens^  and  compared  them  with  a 
specimen  of  the  Guadaloupe  sandstoqe  that  I  had 
with  me^  and  they  appeared  closely  to  resemble 
each  other.  Dr.  Paris^  in  an  interesting  paper  read 
to  the  Geological  Society  of  Cornwall^  ascribes  the 
consoUdation  of  the  sandstone  to  the  infiltration  of 
water  containing  iron^  from  the  decomposing  slate 
rocks  in  the  vicinity.  Instances  of  consolidation  of 
beds  of  loose  sand  are  common  on  the  coast  of  Si- 
cily. It  cannot  therefore  excite  surprise^  that  in  a 
volcanic  island  like  Guadaloupe^  subject  to  violent 
convulsions  from  earthquakes^  and  inundations^  and 
impetuous  hurricanes^  human  bodies  should  occa- 
sionally be  discovered^  that  have  been  enveloped  in 
driving  sands^  which  have  subsequently  become  in- 
durated. The  situation  of  this  skeleton  near  the 
sea  sbore^  the  state  of  the  bones^  and  the  nature  of 
the  stone  in  which  they  are  imbedded^  take  away 
the  probability  of  their  high  antiquity. 

In  the  Institutes  of  Menu^  which  according  to  Sir 
William  Jones  are  at  least  as  ancient  as  the  writings 
of  Moses^  the  account  of  the  six  days  creation  so 
closely  resembles  that  given  in  Genesis  *,  that  it  is 


*  The  discoveries  in  astronomj  which  proved  the  diunial  and 
annual  motions  of  the  earth,  were  for  some  time  warmly  op. 
posed,  as  being  at  variance  with  the  motion  of  the  sun  and  moon, 
sod  the  motionless  stability  of  the  earth  which  the  sacred  writings 
describe.  We  shoold  not  however  admire  the  judgement  of  the 
writer^  who  in  the  present  day  should  publish  a  scriptural  asm 
tronom^j  in  opposition  to  the  Copemican  system.  The  sacred 
writers  describe  natural  objects  as  they  appear  to  the  senses, 
and  do  not  teach  systems  of  natural  philosophy. 
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scarcely  possible  to  doubt  its  being  derived  from  the 
same  patriarchal  communication.  There  is^  how- 
ever^ a  particular  definition  given  of  the  word  djay 
as  applied  to  the  creation^  and  it  is  expressly  stated 
to  be  a  period  of  several  thousand  years.  If  this  in- 
terpretation be  admitted^  it  will  remove  the  difficulty 
that  some  have  felt  in  reconciling  the  epochs  of 
creation  with  the  six  days  mentioned  by  Moses. 
The  six  days  in  which  Creative  Energy  renovated 
the  globe  and  called  into  existence  di£ferent  classes 
of  animals^  will  imply  six  successive  epochs  of  inde- 
finite duration.  The  absence  of  human  bones  in 
stratified  rocks  or  in  undisturbed  beds  of  gravel  or 
clay^  indicate  that  man^  the  most  perfect  of  terres- 
trial beings^  was  not  created  till  after  those  great 
revolutions  which  buried  different  classes  and  en- 
tire genera  of  animals  deep  under  the  present  sur- 
face of  the  earth.  That  man  is  the  latest  tenant  of 
the  globe^  is  confirmed  by  the  oldest  records  or  tra- 
ditions that  exist  of  the  origin  of  the  human  race. 

The  great  convulsions  which  have  at  distant  pe- 
riods changed  the  ancient  surface  of  the  globe^  and 
reduced  itfrom  a  chaotic  to  its  present  habitable  state^ 
were  not^  it  is  reasonable  to  believe^  effected  by  the 
blind  fury  of  tumultuous  and  conflicting  elements^ 
but  were  the  result  of  determined  laws  directed  by 
the  same  wisdom  which  regulates  every  part  of  the 
external  universe.  Compared  with  the  ephemeral 
existence  of  man  on  the  earthy  the  epochs  of  these 
changes  may  appear  of  almost  inconceivable  dura- 
tion ;  but  we  are  expressly  told^  that  with  theCreator 
a  thousand  years  are  as  one  day^  and  one  day  as  a 
thousand  years. 
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CHAPTER  11. 

ON  PETRIFACTIONS,  OR  FOSSIL  ORGANIC 

REMAINS. 

Opinions  of  earlj  Naturalists  respecting  Petrifactions. — On  the 
Process  called  Petrifaction  in  some  Instances  rapidlj  elected. 
— Experiment  of  Dr.  Jenner  on  tlie  Petrifaction  of  recent 
Booes. — Living  Reptiles  occasionally  foand  in  solid  Stone. — 
Remarkable  Difference  in  the  Condition  of  Fossil  Remains  in 
adjacent  Strata ;  Instance  of  this  at  Westbury  Cliff,-  Glouces- 
tersliire.*-The  four  grand  Divisions  of  the  Animal  Kingdom.—- 
Distribution  of  the  Remains  of  certain  Classes  and  Orders  ct 
Animals  in  each  Division  through  the  different  Rock  Forms, 
tions.— Remains  of  Monkeys  hitherto  undiscovered  in  a  Fossil 
State. — Observations  on  Fossil  Organic  Remains^  as  serving 
to  identify  Strata  in  distant  Countries. 

If  it  had  been  predicted  ^  century  ag;o^  that  a  vo- 
lume would  be  discovered^  containing  the  natural 
history  of  the  earliest  inhabitants  of  the  globe^ 
which  flourished  and  perished  before  the  creation 
of  man^  with  distinct  impressions  of  the  forms  of 
animals  no  longer  existing  on  the  earth^*^what  cu* 
riosity  would  have  been  excited  to  see  this  wonder- 
ful volume ;  how  anxiously  would  Philosophers  have 
waited  for  the  discovery !  But  this  volume  is  now 
discovered ;  it  is  the  volume  of  Nature^  rich  with 
the  spoils  of  primeval  ages^  unfolded  to  the  view  of 
the  attentive  observer,  in  the  strata  that  compose 
the  crust  of  the  globe.  The  numerous  and  varied 
forms  of  organic  beings,  whose  remains  are  there 
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distinctly  preserved^  often  differ  so  much  in  struc- 
ture from  any  known  genera  of  animals^  that  we 
can  scarcely  hazard  any  probable  conjectures  re- 
specting their  modes  of  existence.  Nor  is  it  merely 
the  forms  of  unknown  animals  that  we  discover  in 
the  different  strata^  we  also  learn  the  order  of  suc- 
cession in  which  they  were  created. 

It  is  only  within  a  comparatively  short  period^ 
that  these  tbssil  organic  remains  have  engaged  the 
attention  of  naturalists.  It  is  true  that  in  remote 
times^  the  occasional  discovery  of  shells  and  bones 
of  large  animals  imbedded  in  rocks  did  not  escape 
the  attention  of  philosophers ;  but  the  shells  were 
supposed  to  belong  to  species  now  livings  and  the 
bones  to  a  gigantic  race  of  men  that  perished  du- 
ring some  great  inundation^  or  had  been  buried  by 
earthquakes.  Other  hypotheses  equally  remote 
from  truths  serve  to  show  how  little  attention  had 
been  bestowed  on  this  department  of  Natural  Hi- 
story. The  celebrated  botanist.Tournefort^  from  the 
regularity  of  form  in  many  fossil  remains^  was  in- 
duced to  believe  that  they  were  stones  that  grew 
and  vegetated  from  seeds.  "  How  could  the  Camu 
Ammonis/'  he  observes^  ''  which  is  constantly  in 
the  figure  of  a  volute^  be  formed  without  a  seed 
containing  the  same  structure  in  the  small^  as  in  the 
larger  forms  ?  Who  moulded  it  so  artfully^  and 
where  are  the  moulds  ?" 

As  fossil  organic  remains^  particularly  shells  and 
zoophytes^  are  found  many  hundred  and  even  thou- 
sand feet  below  the  present  surface  of  the  earthy  the 
first  inquiry  that  naturally  suggests  itself  is^  How  did 
they  come  there  ?     It  is  impossible  that  the  animals 
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when  living,  of  tiimr  exuvias  when  dead,  could  paw 
through  such  vftst  depths  of  solid  rock,  A  few  of 
them  might  fall  into  vertical  fissures,  and  remain 
there*,  but  they  could  never  in  this  way  enter  into 
strata  abnost  entirely  composed  of  organic  remains. 
Beside,  the  strata  now  deep  under  the  dry  ground, 
are  chiefly  fiUed  with  the  remains  of  marine  animals; 
nor  do  we  getierally  find  these  animal  remains  con- 
fusedly aggregated;  different  genera  or  species 
occupy  particular  strata,  or  are  associated  with  cer- 
tain genera  or  species  of  the  same  class,  and  never 
with  others*  It  is  therefore  evident  that  they  were 
not  brought  into  their  present  situations  by  vast  iu- 


^  Instaaces  of  oviparous  reptiles  found  living  in  the  midst  of 
solid  stone  sometimes  occur.  At  the  colliery  on  Rothwell  Haigh 
near  Leedjj^  a  living  lizard  or  newt  was  fouod  in  a  bed  of  coal 
at  the  depth  of  180  yards  from  the  surface.  I  saw  it  in  the  year 
1819  soon  after  its  discovery ;  it  was  preserved  in  spirits,  and 
was  about  ^ve  inches  in  length.  I  could  not  perceive  that  it 
differed  from  the  living  species.  The  animal  had  probabfy  crept 
into  the  mine  along  one  of  the  levels  that  drain  off  the  water,  or 
down  the  aides  of  the  shaft.  In  all  instances  where  toads  have 
been  found  in  solid  stone,  it  is  reasonable  to  believe  that  they  en. 
tered  through  fissures  that  have  been  subsequently  closed.  That 
these  animals  will  live  without  food  for  a  great  number  of  years, 
is  proved  by  the  following  circumstance.   ' 

The  late  Sir  Thomas  filacket,  of  Britton  Hall  in  Yorkshire, 
had  one  cellar  which  was  only  opened  once  a  year,  as  it  con. 
taioed  some  particularly  choice  wine  which  was  never  brought 
to  table  but  oo  the  annual  celebration  of  his  birth.day,  which 
was  on  the  2l8t  of  December,  or  St  Thomas's  day.  The  butler 
when  taking  out  the  wine,  observed  a  small  toad  crawling  along 
the  stone  floor.  He  placed  the  toad  under  a  wine  bottle,  and 
thought  no  more  of  it  till  he  went  into  the  cellar  the  following 
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undations^  and  buried  under  the  earthy  matter  which 
a  subsequent  inundation  cast  over  them.  Neither 
could  zoophytes^  fish^  or  large  reptiles^  or  the  inha- 
bitants of  bivalve  or  univalve  shells^  have  lived  and 
flourished  in  the  midst  of  solid  stone.  We  are  there* 
fore  led  to  the  conclusion^  that  each  stratum  which 
contains  these  organic  remains  was  once  the  upper- 
most covermg  of  the  globe^  and  that  the  animals  for 
the  most  part  lived  and  died  near  where  their  bones 
or  shells  are  now  founds  and  were  covered  by  suc- 
cessive depositions  of  strata^  in  which  following  races 
of  living  beings  flourished^  and  in  like  manner  left 
their  remains. 

Animal  or  vegetable  substances  are  found  im- 

year,  when  on  removing  the  bottle  he  was  much  surprised  to  see 
the  toad  immediately  leap.  This  circumstance  he  mentioned  to 
Sir  Thomas,  who  descended  with  his  visitors  into  the  cellar  to 
look  at  the  toad ;  afterwhich  the  bottle  was  replaced,  and  the  poor 
animal  was  kept  a  close  prisoner  till  the  succeeding  year,  when 
he  was  again  uncovered  and  found  alive  as  before.  The  same  an. 
nual  eiperiment  was  continued  for  more  than  twenty.five  years, 
when  the  wine  was  exhausted,  the  cellar  cleared,  and  the  toad, 
who  was  still  living,  was  thrown  out  of  doors.  Having  heard  of  this 
circumstance  from  a  person  who  had  lived  in  the  family  part  of 
the  time,  I  questioned  the  old  butler  respecting  it,  and  he  fully 
confirmed  the  truth  of  the  story.  It  is  much  to  be  regretted  that 
extraordinary  facts  relating  to  the  natural  history  of  animals 
should  not  be  recorded  immediately  when  they  occur,  otherwise 
they  are  soon  forgotten,  or  are  intermixed  with  fabulous  additions 
which  destroy  Ihe  entire  credit  of  the  account.  A  few  years 
after  the  death  of  the  butler,  I  inquired  of  Mrs.  Colonel  Beau, 
mont,  the  present  highly  intelligent  possessor  of  the  mansion, 
wheAer  any  written  narrative  of  die  above  circumstance  was 
preserved  in  the  famHy ;  but  she  told  me  that  she  had  never  heard 
of  it,  as  the  fact  occurred  during  her  infancy. 
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bedded  in  rocks^  and  are  more  or  less  impregnated 
with  mineral  matter^  and  hence  have  been  called 
petrifactions.  The  process  of  petrifiiction  consists 
in  the  infiltration  of  mineral  matter  into  the  pores 
of  bone  or  vegetables.  In  some  instances  the  ani- 
mal or  vegetable  matter  has  been  almost  entirely 
dissolved  or  removed^  and  the  mineral  matter  so 
gradually  substituted,  as  to  assume  the  perfect  form 
of  the  internal  structure  either  of  the  plant  or 
animal. 

The  process  of  petrifaction  may  be  more  rapidly 
effected  than  has  generally  been  supposed.  In  the 
year  18 17  I  paid  a  visit  to  the  celebrated  Dr.  Jenner^ 
at  Berkley,  who  informed  me  that  he  had  made 
several  experiments  upon  recent  bones,  by  burying 
them  in  the  dark  mud  from  the  lias  clay  :  in  less  than 
twelve  months  the  bones  became  black  throughout, 
and  when  dry,  they  were  harder,  heavier,  and  more 
brittle  than  recent  bone,and  the  surface wasshining. 
The  specimens  which  he  showed  me,  presented 
the  same  appearance  as  the  fossil  bones  in  the  lias 
clay.  The  effect  was  probably  produced  so  speedily 
by  the  presence  of  the  sulphate  pf  iron,  and  other 
saline  ingredients  with  which  that  stratum  abounds. 
As  this  stratum  is  the  roost  remarkable  of  all  the 
secondary  series,  for  the  large  animal  remains  which 
it  contains,  particularly  of  the  saurian  or  lizard  order, 
and  as  the  bones  are  frequently  covered  with  cry- 
stals or  incrustations  of  pyrites,  I  will  venture  to 
hazard  a  conjecture  respecting  the  manner  in  which 
these  crystals,  or  incrustations  of  pyrites,  or  sul* 
phnret  of  iron,  are  formed.  The  stratum  befpre 
mentioned,  contains  snlphate  of  iron  or  green  cop* 
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peras  in  solution.  I  -suppose  that  the  carbon  in  the 
animal  matter  had  decomposed  the  sulphuric  acid 
and  the  oxide  of  iron»  and  that  the  sulphur  and  iron 
in  their  nascent  state  had  united^  and  formed  the 
sulphuret  of  iron  or  pyrites.  I  was  led  to  this  con- 
clusion by  reading^an  account  by  Mr.  Pepys^  of  some 
mice  which  had  by  accident  been  immersed  in  a 
jar  containing*  a  solution  of  sulphate  of  iron  :  how 
long  they  had  lain  there  was  unknown ;  but  the  re- 
mains were  partly  covered  with  small  crystals  of  py- 
rites^ which  could  only  have  been  formed  in  the 
manner  above  wggested.  The  stone  surrounding 
the  organic  remains  in  the  lias^  I  have  observed  to 
be  considerably  harder  than  the  other  parts  of  the 
same  stratum.  The  organic  remains  of  zoophytes 
and  shells  in  limestone  are  generally  harder  than  the 
stone  in  which  they  are  imbedded ;  and  ou  this  ac- 
county  when  the  stone  has  been  exposed  to  the  atmo- 
sphere a  long  time^  the  organic  remains  rise  above 
the  surfece. 

Organic  remains  are  generally  coloured  by  the 
strata  in  which  they  are  imbedded;  in  roe*stone^ 
chalky  and  the  upper  fresh-water  limestones^  they 
approach  to  a  yellowish  or  brownish  white;  in 
lias,  bituminous  shale,  and  dark  limestone,  they  in- 
cline to  black ;  and  the  shells  in  bituminous  shale 
are  sometimes  filled  with  bitumen  in  a  fluid  state. 
In  the  strata  above  chalk,  the  bones  and  shells  re- 
tain their  original  constituent  parts  very  little 
changed ;  in  chalk,  and  all  the  strata  under  chalk, 
the  organic  remains  are  more  or  less  completely 
impregnated  with  mineral  matter.  The  outer  crust 
or  shell  of  many  chalk  fossils  is  calcareous,  and 


the  internal  part  fiUed  with  flint.  In  some  cases  ^€ 
meet  with  an  internal  cast  formed  in  the  cavity  of 
a  crustaceous  animal^  and  the  external  covering  has 
disappeared :  in  other  instances^  the  shell  or  crust 
of  the  animal  has  formed  a  mould  in  the  stone^  into 
which  mineral  matter  has  been  subsequently  in« 
filtered^  and  has  thus  made  an  external  cast 

It  is  particularly  deserving  attentiom,  that  some 
animal  remains  contain  the  most  delicate  fibres  and 
spines, perfectand  unbroken :  thisproves  that  the  mi< 
neral  matter  in  which  they  are  incrusted,  was  deposit** 
ed  in  a  finely  comminuted  state,  and  in  a  tranquil  sea. 
In  some  instances  the  most  delicate  shells  are  regu* 
larly  arranged  in  the  same  position  in  which  the  ani- 
mals lived  and  died^  while  the  animal  remains  in  the 
strata  above  or  below  them  are  broken  and  con- 
fusedly aggregated  together.  The  most  remarkable 
instance  of  this  kind  I  have  ever  observed,  occurs 
at  Westbury  Cliff,  on  the  northern  bank  of  the  river 
Severn,  about  seven  iniles  below  Gloucester.     It  is 
a  low  cliff,  nearly  perpendicular ;  the  bwer  part  is 
composed  of  what  is  generally  called  red  marie,  over 
which  are  the  lower  beds  of  lias-limestone  and  clay. 
A  few  yards  above  the  junction  of  the  lias  and  red 
marie,  there  is  a  thin  stratum  of  dark  micaceous 
stone,  entirely  filled  with  bones  and  the  teeth  of  the 
shark  and  animals  of  the  saurian  or  Jizard  tribe, 
broken  and  intermixed  in  the  greatest  imaginable 
disorder.    Near  the  upper  part  of  the  cliff,  not  many 
feet  above  the  stratum  filled  with  bones,  there  is  a 
thin  stratum  of  whitish  argillaceous  limestone,  called 
white  lias,  which  is  filled  with  the  most  delicate  mi-* 

D 


34  FOUR  G&ARO  DIVISIONS 

■nte  hsvalve  abdls^  all  arranged  in  the  same  pori- 
tion,  without  any  intermixture  with  shells  of  other 
species. 

It  is  fieicts  like  these  that  are  particularly  deserving 
the  attention  of  the  Geologist^  as  they  mark  in  a 
striking  manner  the  convulsions  which  the  surfisce 
of  the  globe  has  at  different  periods  undergone. 

The  strajtum  with  aggregated  bones  of  saurian 
animals  appears  again^  on  the  other  side  of  the 
Severn^  at  Aust  Passage^  where  the  junction  of  the 
lias  and  red  ground  may  be  also  observed;  but  I 
could  not  discover  any  trace  of  the  white  lias  bed 
with  the  bivalves,  similar  to  those  at  Westbury  Cliff. 

Some  of  the  more  delicately  constructed  animals, 
and  the  fish  whose  bodies  are  found  entire,  imbed- 
ded in  stone,  apfiear  to  have  been  instantaneously 
destroyed  and  enveloped  in  mineral  matter,  before 
the  putrefactive  process  could  commence*. 

In  tracing  the  different  animal  remains  that  occur 
in  the  lower,  the  middle,  and  the  upper  strata,  the 
circumstance  most  worthy  of  notice,  is  the  first 
appearance  of  any  of  the  different  divisions  and 
classes  of  animals,  and  of  the  orders,  genera,  or 
species  belonging  to  each  division.  In  the  lumi- 
nous arrangement  by  Baron  Cuvier  in  his  Rigne. 

*  In  the  Museiim  at  the  Jardin  de  Flantei  in  Paris,  there  is  a 
large  specimen  of  two  fossil  fish,  which  are  supposed  to  have  been 
destroyed  and  covered  with  mineral  matter,  when  one  of  them 
was  in  the  very  act  of  swallowing  the  other ;  but  an  inspection 
of  the  specimen  inclined  me  to  infer  that  the  two  heads  had  been 
pressed  together,  by  the  incumbent  weight  of  stone  deposited 
upon  them. 
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Animal,  all  aniroak  are  distributed^  according  to 
their  organization^  into  four  gratid  divisions — Vet- 
tebrated,  Moluscous,  Articulated,  and  Radiated. 

Ist^  Vertebraled. — Animak  which  have  a  skuU 
and  spine  containing  the  brain  and  the  principal 
trunk  of  the  nervous  system^  commonly  called  the 
spinal  marrow :  they  have  red  blood.  There  is  some 
analogy  in  the  construction  of  all  animak  of  this 
class^  even  in  species  the  most  remote;  as  man  and 
the  lowest  species  of  fish. 

2nd^  Molu8cau8. — Aniroak  with  no  internal  ske* 
leton;  the  muscles  are  attached  solely  to  the  skin^ 
which  is  in  many  species  covered  with  shells.  The 
nervous  system  and  vkcera  are  composed  of  de- 
tached masses^  united  by  nervous  filaments ;  they 
only  appear  to  possess  the  senses  of  taste  and  sights 
and  many  species  want  the  latter ;  but  they  have  a 
complete  system  of  circulation^  and  particular  organs 
for  respiration.  All  animals  covered  either  by  bi- 
valve or  univalve  shells  belong  to  this  class. 

3rd^  Artictdated. — To  this  class  belong  insects 
and  worms  :  their  nervous  system  consists  of  two 
long  cords^  ranging  along  the  body^  and  swelling 
out  in  different  parts  into  knots  or  ganglions. 

4tb^  Radiated — comprises  all  the  animak  which 
were  by  former  naturalists  called  zoophytes^  or  ani- 
mal plants^  as  the  corallines^  &c.  which  were  long 
mktaken  for  marine  vegetables.  In  animals  of  this 
division^  the  organs  of  sense  and  motion  are  dis* 
posed  circularly  around  a  centre  or  axis.  They 
have  no  distinctly  marked  nervous  system^  and  the 
traces  of  circuktion  in  many  species  can  scarcely  be 

disceraed.  Many  of  the  animaJs  in  this  division  have 
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no  power  of  loco-motion^  as  madrepores  and  encri- 
nites.  Others^  as  the  echinus^  possess  a  very  com- 
plex organization,  and  the  power  of  moving  from 
place  to  place  on  their  spines,  which  serve  them  for 
feet. 

In  describing  the  order  in  which  organic  remains 
belonging  to  each  of  these  grand  divisions  are  di* 
stributed  through  the  different  classes  of  rocks,  it 
will  be  more  convenient  to  begin  with  the  lowest. 

Radiated  Animals,  such  as  encrini  and  madre- 
pores, have  left  their  remains  abundantly  dispersed 
through  rocks  of  the  transition  series ;  many  of  the 
strata  appear  almost  entirely  composed  of  their 
mineralized  exuvias,  but  generally  in  a  broken  state. 
The  chain  coral  occurs  occasionally  in  transition 
limestone.  Other  genera  of  radiated  animals  occur 
in  the  more  recent  formations  of  limestone,  but  sel- 
dom in  sufficient  abundance  to  compose  nearly  the 
whole  mass  of  a  stratum.  This  is  the  more  re- 
markable, as  coralline  animals  are  forming  exten- 
sive calcareous  rocks  in  our  present  seas.  Some 
genera  and  species  of  radiated  animah  which 
abound  in  transition  rocks,  have  not  left  their  re- 
mains in  any  of  the  upper  strata.  Hence  it  might  be 
inferred  that  they  were  and  had  long  been  extinct; 
in  some  instances  the  inference  is  not  correct :  the 
Madrepora  stylina,  so  common  in  transition  lime- 
stone, is  entirely  wanting  in  the  secondary  and  ter- 
tiary strata  :  but  a  living  animal  of  this  species  has 
recently  been  discovered  in  the  South  Seas.  The 
Pentacrinus,  which  is  chiefly  distinguished  from  the 
Encrinus  by  its  pentagonal  stem  and  branches, 
makes  its  first  distinct  appearance  in  the  lias ;  but  is 
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not  frequently  met  with  in  the  upper  strata^  and  dis- 
appears entirely  in  the  uppermost  formations:  hence 
it  was  long  supposed  that  the  species  was  extinct. 
A  living  Pentacrinus  has  recently  been  discovered 
in  the  West  Indies^  and  its  stem  and  branches  in  a 
perfect  .state  have  been  sent  to  this  country. 

The  genus  echinus  makes  its  first  appearance  in 
the  midstof  the  secondary  strata;  and  various  species 
are  continued  into  chalk,  which  abounds  with  re- 
mains of  this  animal  in  high  preservation.  It  may 
be  remarked,  that  scarcely  any  calcareous  stratum 
exists  abounding  in  marine  organic  remains,  in 
which  remains  of  some  species  of  radiated  animals 
may  not  be  found. 

Articulated  Animals. — Insects  are  rarely  found 
with  other  organic  remains,  but  one  of  the  oldest 
inhabitants  of  the  globe  appears  to  belong  to  this 
division.    It  has  in  England  been  called  the  Dudley 
fossil,  from  being  first  noticed  in  the  transition 
limestone  nq^r  that  town ;  it  has  abo  been  called 
the  Trilobite,  from  the  three  parallel  divisions  of  the 
body.     Some  of  the  species  have  been  vulgarly 
named  the  fossil  Butterfly,  from  a  resemblance  to 
the  form  of  the  wings  and  body  of  that  insect.     It 
appears  to  have  been  a  crustaceous  aquatic  animal, 
with  ranges  of  transverse  ventral  fins  somewhat  si- 
milar to  those  under  the  beUy  of  a  lobster.     The 
largest  species  of  these  animals  is  found  in  the  slate 
quarries  at  Angers  in  France.    A  perfect  specimen 
which  I  purchased  at  the  sale  of  the  late  Faujas  St. 
Pond,  measures  seven  inches  in  length,  the  breadth  is 
two  inches  ;  the  body  has  taken  the  flattened  form, 
common  to  almost  all  fossils  found  in  slate:  it 
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scarcely  rises  more  than  one  third  of  an  inch  above 
the  surface  of  the  slate ;  the  other  side  of  the  slate 
contains  a  perfect  impression  or  mould  of  the  form 
of  the  animal.  To  this  species  Guettard  has  g^tven 
the  name  of  Ogjfges,  from  its  occurrence  among  the 
most  ancient  rock  formations  that  contain  vestiges 
of  organic  life. 

The  remains  of  insects  are  extremely  rare  in  all 
the  secondary  strata  in  England^  except  in  that 
anomalous  formation  at  Stonesfield^  where  the  sup- 
posed elytra  of  coleopterous  insects^  or  rather  im- 
pressions  of  them^  occur.  In  the  same  strata,  fos- 
fiil  crabs  are  also  found ;  and  I  have  a  specimen 
from  the  oolite  near  Kingscote  in  Gloucestershire, 
which  appears  to  be  part  of  the  claw  of  a  crusta- 
ceous  animal.  In  the  soft  beds  in  the  tertiary  strata, 
the  remains  of  crabs  are  more  common  :  but  of  all 
the  four  divisions  of  the  animal  kingdom,  the  Arti- 
culated has  supplied  the  smallest  number  of  organic 
remains  :  this  may  be  chiefly  caused  by  the  fragile 
nature  of  their  bodies  in  most  of  the  species,  and 
their  peculiar  modes  of  existence. 

Molu&tousAnimdU, — Shells^  chiefly  bivales,  occur 
in  the  transition  series ;  but  the  species  are  not  nu- 
merous in  this  class.  A  few  species  of  chambered 
univalves  occur,  but  the  individuals  of  each  species 
are  far  from  numerous.  One  or  two  species  of 
un  chambered  univalve  shells  are  said  to  have  been 
found  in  transition  limestone ;  they  are,  however^  of 
extremely  rare  occurrence.  In  the  secondary  strata, 
the  number  of  species  and  of  individual  bivalve 
shells  is  greatly  increased;  and  about  the  middle  of 
the.  series,  chambered  spiral  shells^  nau^tilites  and 
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ammonites,  became  Abundant;  and  various  species 
are  continued  into  tlie  chalk. 

The  trocfaiform  or  top-shaped  spiral  shells  finit 
make  their  appearance  in  the  strata  aboye  the  Has; 
and  different  ^nera  of  univalve  uncbambered  shells 
appear,  and  become  abundant^  in  these  strata.  In  the 
transition  and  secondary  strata,  all  the  genera  and 
species  of  moluscous  shells  are  commonly  supposed 
to  differ  from  those  of  animals  at  present  existing.  In 
the  tertiary  strata  the  number  of  genera  and  species, 
particularly  univalves,  is  greatly  increased;  and  all 
the  genera^  and  many  of  the  species,  bear  a  close 
resemblance  if  they  are  not  identical,  wiUi  living 
genera  and  species. 

Vertdfrat^  Animals. — Remains  of  the  lowest 
class,  fish,  are  extremely  rare  in  transition  rocks';  but 
they  appear  decidedly  in  the  magnesian  limestone 
over  the  coal  strata ;  and  in  the  argillaceous  lime^ 
stone  and  clay  called  lias,  the  entire  bodies  of  fish 
are  firequently  found  well  preserved.  In  this  stra- 
tum, which  is  the  most  remarkable  for  the  abun* 
dance  and  variety  of  its  organic  remains,  we  first 
meet  with  bones  of  reptiles  of  the  saurian  or  lizard 
clasSf  of  immense  size ;  but  different  from  any  exist- 
ing genera,  and  evidently  inhabitants  of  the  ocea^, 

being  furnished  with  paddles  instead  of  feet*.     In 

—  -    •        — -        .  -, 

*  Sir  Everard  Home,  and  particalarlj  the  Rev.  W.  D.  Co. 
nybeare,  have  elacidated  the  osteology  of  these  remarkable 
anifflals.  The  Ichthyosannu,  or  Fish.Lizard,  was  an  animal  in. 
tttmediaie  in  Its  organisation  between  the  crocodile,  the  lizard, 
and  fish ;  with  paddles  long  broad  and  flat,  instead  of  feet, 
denned  for  moving  rapidly  Uirough  the  water :  the  orbits  of  its 
eyes  are  enormously  large.  It  was  an  inhabitant  of  the  sea  :-— 
four  species  have  been  ascertained,  some  of  which  are  of  im- 


40  DBmUBOnON  OF  JOSGANIC  iiEMykim 

the 'Upper  secondary  strata,  *  between  the  lias  and 
chalky  the  remains  of  saurian^Aaimals^  closely  allied 
to  living*  species  of  crocodiles  and  lizards^  are  fiilly 
developed;  they  bad  feet^  and  were  evidently  am- 
phibious. Of  the  saurian  animals  discovered  in  this 
series^  that  called  Iguanodon^  discovered  by  Mr. 
Mantell  at  Cuckfield  in  Sussex^  is  the  most  remark* 
able  for  its  size ;  the  length  exceeding  seventy  feet^ 
and  the  thickness  of  the  body  being  equal  to  that  of 
the  elephant.  It  is  supposed  to  have  been  herbi- 
vorous.  It  closely  resembles  in  structure  the  Iguana, 
a  native  of  America  and  the  West  Indies. 

In  the  whole  of  the  transition^  the  lower  secon* 
dary  and  upper  secondary  rocks^  no  remains  of  the 
highest  class  of  vertebrated  animals^  the  mammalia, 
are  found,  nor  even  of  birds ;  unless  the  strata  at 
Stonesfield  belong  to  this  series,  and  form  the  only 
known  exception.  It  can  scarcely  however  be  sup- 
posed, that  during  the  formation  of  all  the  secondary 
strata,  no  part  of  the  earth's  surface  was  dry  land ; 
and  if  dry  land  really  existed,  it  might  be  tenanted 
by  warm-blooded  quadrupeds ;  and  if  so,  their  bones 

mense  rize..  The  Plesiosanrns^  another  genus  more  nearlj  ap- 
proaching the  organisation  of  the  lizard^  is  distinguished  from 
all  oviparous  quadrupeds  by  its  slender  neck ;  which  is  longer 
than  its  body,  and  is  composed  of  no  less  than  thirty  vertebrs, 
exceeding  in  number  those  in  the  neck  of  the  swan.  This  ani. 
mal  is  supposed  to  have  swam  on  the  water,  with  its  neck  arched 
to  dart  on  its  prey.  The  Testudo  feroSj  living  in  the  rivers  in 
Florida|is  somewhat  similarly  constructed;  it  hides  itself  in  reeds, 
and  darts  out  its  head  suddenly  to  seize  birds  and  other  animals. 
There  are  five  species  of  the  Plesiosaurus,  some  of  them  were 
more  than  twenty  feet  long.  Remains  of  flying  lizards  have  been 
discovered  in  a  fossil  state  in  Germany. 
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might  have  been  carried  dcnvn  by  rivers  or  inunda- 
tions into  the  ancient  seas  or  lakes^  at  the  bottom  of 
which  were  deposited  the  strata  containing  the  re- 
mains of  amphibious  reptiles.  It  is  therefore  truly 
surprising  that  an  intermixture  of  the  bones  of  ter- 
restrial and  marine  animals  should  be  of  such  rare 
occurrence. 

Vertebrated  animals  of  the  class  Birds  haye  left  a 
few  of  their  remains  in  the  tertiary  strata^  particu- 
larly in  the  beds  of  gypsum  near  Paris :  but  the  bones 
of  birds  are  so  rare^  that  the  existence  of  any  spe- 
cies which  might  properly  be  caUed  fossil  was  long 
doubted.  Cetaceous  animals  allied  to  the  whale  and 
seal^  have  left  very  few  vestiges  of  their  former  ex- 
istence in  any  of  the  strata. 

Vertebrated  land  animals  of  the  highest  class^  the 
mammalia,  have  left  numerous  remains  in  some  parts 
of  the  tertiary  formations^  but  more  frequently  in. 
bedsof  ancient  gravel  or  clay^  than  in  the  solid  strata. 
Cuvier  has  ascertained  the  existence  of  fossil  bones 
belonging  to  about  seventy  species  of  mammiferous 
quadrupeds.  Nearly  forty  of  these  are  of  extinct 
species^  and  several  of  them  belong  to  extinct  ge- 
nera. A  very  considerable  number  of  the  large  fossil 
bones  belong  to  the  different  genera  and  species  of 
the  order  named  by  Cuvier  Pachydermata,  or  thick- 
skinned  non-ruminant  animals;  as  the  elephant^ 
the  mastodon^  the  tapir^  the  hippopotamus^  the  rhi- 
noceros^ and  the  paleotherium.  As  these  bones 
are  very  abundantly  found  in  many  countries  in 
Europe^  it  proves  that  the  animals  were  natives  of 
temperate  climates.  The  known  existing  species 
of  the  above  genera  are  all  inhabitants  of  countries 
near  the  equator.    The  fossil  elephant^  that  was 
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once  a  native  of  Europe^  according  to  Guvier  dif- 
fered ilsinncli  from  the  Asiatic  or  tiie  African  ele- 
phant^ as  the  horse  differs  from  the  ass.  Bones  and 
teeth  of  extinct  species  of  carnivorous  quadrupeds 
are  generally  found  in  caverns^  intermixed  with 
other  species^  in  a  broken  state.  Since  the  time 
that  these  fossil  bones  have  been  studiously  exa- 
mined by  those  naturalists  who  have  attended  to 
comparative  anatomy^  no  vestiges  of  human  re- 
mains have  been  discovered ;  nor  have  any  of  tbe 
bones  of  the  animals  which  approach  nearest  to 
man  in  structure^  the  Quadrumanes  or  monkeys^ 
been  yet  found  with  those  of  the  more  ancient  in- 
habitants of  the  globe.  The  vast  diluvial  beds  of 
gravel  and  clay^  and  the  upper  strata  in  Asia^  have 
however  not  yet  been  scientifically  explored ;  and 
both  sacred  and  profiEme  writers  agree  in  regard- 
ing the  temperate  regions  of  that  continent  as  the 
cradle  of  the  human  race  *• 


*  It  has  been  conjectaved  by  Bome  penons,  that  tbe  bones  of 
man  are  more  fragile  and  perishable  than  those  of  land  quadra- 
peds :  but  this  b  contrary  to  experience ;  for  it  has  been  well  ob 
serred  by  Cuvier,  that  the  bones  of  men,  left  on  the  field  of  battle 
with  those  of  horses,  are  as  well  preserved  as  the  latter,  making 
allowance  for  the  difference  of  size.  Neither  is  there  any  essen- 
tial difiterence  In  the  chemical  constituent  parts  of  human  bone 
from  that  of  other  animals  of  the  class  mammalia.  Diy  bones^ 
according  to  Benelias,  contain  as  under : 
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Vegetable  fosiil  remains  are  not  so  faig;hly  w* 
teresting*  as  those  of  animals;  but  they  present  tts 
with  many  phsenonena^  which  are  extremely  curi- 
ous. A  brief  outline  of  them  is  here  given ;  and  a 
further  account  of  vegetable  remains  will  be  found 
in  the  chapter  on  the  Coal  Strata.  Bituminous  or 
vegetable  matter  occurs  in  some  of  the  slate  rocks 
of  the  transition  series^  and  increases  in  quantity  ill 
the  soft  slate  or  shale  of  the  secondary  strata^  where 
we  find  porti(ms  of  plants  well  preserved  and  in 
great  abundance.  Vegetable  remains  are  also 
found  abundantly  in  some  of  the  sandstones  in  the 
secondary  strata^  and  also  in  the  beds  of  clay  of  the 
tertiary  strata.  The  fossil  remains  of  plants  are 
rarely  if  ever  found  in  the  lower  calcareous  strata; 
nor  could  we  expect  to  meet  with  them  there^  as 
these  strata  were  evidently  formed  at  the  bottom  of 
ancient  seas.  If  such  remains  occasionally  occur  in 
the  upper  calcareous  strata^  it  is  reasonable  to  be- 
lieve that  they  had  been  carried  by  rivers  into  an- 
cient seas  or  lakes^  and  intermixed  with  the  remains 
of  aquatic  animals  that  perished  there.  In  this 
manner  also  may  we  account  for  the  appearance  of 
vegetables  in  ancient  strata  or  beds  of  clay  con- 
taining marine  shells  and  the  teeth  or  bones  of  fish^ 
The  vegetable  remains  in  the  transition  and  se- 
condary strata  belong  chiefly  to  monocotyledonous 
plants^  analogous  to  palmsji  reeds^  or  ferns.  Some  of 
the  latter  are  of  gigantic  size :  and  it  has  been  ob- 
served^ that  none  of  the  fossil  plants  that  have  been 
examined^  belong  to  species  existing  in  Europe^  but 
many  of  them  are  supposed  to  resemble  species  at 
present  flourishing  in  tropical  climates.    In  the 
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upper  or  tertiary  strata  we  meet  with  arborescent 
plants.  In  some  situations  we  find  that  the  woody 
part  is  only  partially  mineralized ;  but  in  other  si- 
tuations^ in  the  upper  strata^  fossil  vegetables  are 
more  completely  mineralized  than  in  the  lower 
strata^  being  apparently  changed  into  flinty  or  silice- 
fied :  but  even  in  this  state^  when  the  silicefied  sub- 
stance will  strike  fire  with  steely  and  cut  glass^  the 
form  of  the  minutest  vegetable  fibres  may  often  be 
perceived^  and  some  trace  of  the  original  vegetable 
principles  may  be  discovered  by  chemical  analysis. 

Observa'Tions. 

The  author  has  attempted  in  this  chapter  to  give  a  sacdnct 
account  of  the  Geological  dlstribation  of  fossil  organic  re. 
mains,  belonging  to  the  four  grand  divisions  of  the  animal 
kingdom.  This  he  conceives  will  interest  the  leaner,  for  whose 
use  it  was  chieflj  intended,  more  than  a  detailed  account  of  the 
remains  of  the  genera  or  species  supposed  to  be  peculiar  to  dif- 
ferent rock.formations.  With  respect  to  fossil  conchology»  he  is 
inclined  to  believe,  that  the  attempt  to  identify  the  strata  of 
distant  countries  by  the  isolated  occurrence  of  any  particular 
species  of  shelly  has  been  carried  further  than  a  sound  induction 
from  facts  or  analogy  would  warrant.  His  opinion  on  this 
subject,  given  in  the  2d  edition  of  this  work,  he  will  here  in. 
sert.  ^^  It  may  be  doubted  whether  the  occurrence  of  similar 
organic  remains,  is  sufficient  to  identify  strata  in  distant  parts 
of  the  globe ;  for  could  we  admit  that  strata  are  universal  forma- 
tions, and  extended  from  the  frozen  to  the  torrid  zone,  it  seems 
more  than  probable,  that  the  animals  which  lived  on  any  one 
particular  stratum,  woold  be  of  very  diffisrent  species  in  diffe- 
rent  latitudes."— We  know  so  little  respecting  the  forms  or  ha- 
bits of  the  animals  classed  by  the  conchologist,  that  we  are  far 
from  certain,  whether  many  shells  which  he  regards  as  belonging 
to  different  species  or  even  genera,  are  not  mere  varieties  of 
form,  occasioned  by  difference  of  age  or  situation.    Such  a 
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change  is  ascertained  to  take  place  by  age  in  shells  of  the  genus 
Cyprea. 

Id  animals  like  the  moluscs,  which  have  no  internal  skeleton 
to  determine  their  form,  the  constmction  of  the  external  shell 
may  probably  admit  of  considerable  variation  nnder  a  change  of 
^rcnmstances.  Few  conchologists  excepting  M.  D' A  villa  have 
made  accurate  observations  on  the  living  animals  inhabiting 
oceanic  shells.  His  interesting  work,  entitled  '  L*Hutoire 
NaturelU  eclairde  dans  une  de  ses  partiei  prindpaUiy  la 
Conchologie  et  augmentie  de  la  Zoomorphoie  ou  Repreteti' 
taiion  det  animauxi  coquille*  avecleurs  explieaiianSf^^^rem 
sents  us  with  some  truly  extraordinary  forms  of  molusoous  ani- 
mals^  of  which  we  could  not  have  had  a  remote  notion  from  the 
mere  study  of  the  shell. 

Id  strata  belonging  to  one  formation  and  in  adjacent  districts, 
the  existence  of  certain  shells,  whether  we  regard  them  as  di- 
stinct spedes  or  as  varieties,  may  be  of  use  in  identifying  any 
particular  bed;— 4ind  in  distant  countries  where  we  find  the 
same  remarkable  species  of  shell  associated  with  any  other  re. 
markable  species  in  considerable  numbers,  it  may  serve  to 
identify  a  pardcular  rock-formation,  ^here  the  mineral  charac- 
ter of  the  rock  may  be  very  different  from  that  in  which  the  ob« 
server  has  l>een  accustomed  to  meet  with  them.  The  occur* 
rence  of  a  considerable  number  of  grypheae,  the  Gr^phea  arm 
cuaiOj  in  a  bed  of  blue  clay  in  the  mountains  round  the  Lake  of 
Annecy  Id  Savoy, — served  the  author  as  a  key  to  discover  to 
what  formatioD  the  calcareous  strata  belonged,  when  their  mi- 
neral characters  would  have  indicated  a  more  ancient  series. 
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CHAPTER  III. 

ON  THE  MINERAL  SUBSTANCES  THAT  COMPOSE 
THE  CRUST  OF  THE  GLOBE;  AND  ON  THE 
STRUCTURE  OF  ROCKS. 

The  eonstitnent  Elements  of  the  simple  Minerals  that  compose 
R<KdLS. — ^The  physical  Characters  of  simple  Minerals  com- 
posing Roeks.-— Explaaatian  of  the  Terms  employed  in  de. 
scribtiig  the  internal  Stmctnre  of  Rocks,  and  the  external 
Str«ctore  of  Mountain  Masses. 

XHEmost  careless  observer  can  scarcely  fail  to 
notice^  that  the  mineral  substances  which  occur  on 
the  surfece  of  the  globe  differ  from  each  other  in 
density^  hardness^  colour,  and  other  sensible  quali- 
ties. Indeed  the  different  varieties  of  stone  appear 
at  first  so  numerouSj^  as  to  render  it  difficult  to  be- 
come acquainted  with  them : — but,  however  nume- 
rous these  varieties  may  be  thought,  the  simple 
minerals  which  compose  rocks  or  strata  are  very 
few ;  and  the  elementary  substances  of  which  each 
of  these  minerals  is  formed,  are  still  fewer  *. 

The  elementary  substances  of  which  the  solid 
matter  of  our  globe  is  composed,  are  the  Earths — 
sUex,  alumine,  lime  and  magnesia.     The  Metals-^ 

*  The  mineralogist  and  the  geologist  condder  those  minerals 
as  simple  and  homogeneous,  which  present  no  difference  of  qaali- 
ties  to  our  senses  throughout  the  mass,  although  the  chemist 
may  discover  that  such  minerals  are  composed  of  two  or  more 
elementary  substances*  Thus  limestone  or  marble  is  regarded 
as  a  simple  substance,  though  chemistry  has  discovered  that  it 
contains  in  every  hundred  parts — lime  57  parts,  and  carbonic 
acid  43.  It  is  the  latter  which  is  expelled  from  it  by  burning^— * 


BLBMENTABY  SUBSTANCtt.  47 

tranBXkAnumganese.  The  Inflammable Prme^les^^ 
carbon  and  sulphur  ;  and  the  Alkalies — potash  and 
soda. — Muriatic  and  Phosphoric  Add  occur  also  in 
the  mineral  kingdom : — ^the  newly  discovered  earths 
and  alkalies  and  metallic  ores  cannot  be  regarded 
as  forming  essential  constituent  parts  of  rocks^  they 
chiefly  occur  in  veins.  The  first  five  substances 
above  enumerated  compose  nineteen  parts  in  twenty 
of  the  known  solid  matter  of  the  globe.  The  Earths 
when  pure  are  infusible^  except  at  an  intense  heat ; 
they  are  nearly  insoluble  in  water  at  the  common 
temperature :  when  pure^  they  are  white  or  colour- 
less. Though  the  earths  are  infusible  when  pure^  if 
they  are  combined  in  certain  proportions^  they  may 
be  fiised  with  facility  at  a  comparatively  low  tem- 
perature. 

SileXf  or  Siliceous  Earth,  exists  nearly  pure  in 
large  masses^  forming  minerals  and  even  entire 
rocks;  as  rock-crystal^  quartz-rock^  and  flint:  it 
communicates  a  great  degree  of  hardness  to  all 
rocks  or  stones  in  which  it  enters  in  a  large  propor- 
tion. Such  stones  are  denominated  Siliceous ;  they 
resist  the  point  of  a  knife^  or  scratch  glass.  In 
its  combinations  with  other  earths  Silex  appears  to 
act  as  an  acid.  More  than  one  half  of  the  crust  of 

the  globe  is  composed  of  siliceous  earth  either  pure 

-    --     -  — ■ — ■ — — — — - — — ^ — 

a  process  which  is  weU  known  to  make  the  stone  lighter  and  to 
render  it  caustic,  in  which  state  it  is  called  quicklime.  Nor  do 
the  researches  of  the  chemist  end  here :  the  two  substances  quick, 
lime  or  pure  lime)  and  carbonic  acid,  are  themselves  compounds  ^ 
tke  former,  lime,  is  a  compound  of  a  metallic  substance  called 
caldum,  united  with  oxygen ;  the  latter,  or  carbonic  add,  is  con«i 
posed  <^  oxygen  and  carbon  or  charcoal. 
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or  combined.  In  some  thermal  waters^  siliceous 
earth  occurs  either  in  a  state  of  minute  division  or 
in  solution ;  and  the  waters  of  the  boiling  springs  or 
geyzei^  in  Iceland  deposit  siliceous  incrustations  of 
considerable  thickness^ 

Mwnxnie,  pure  argillaceous  Earthy — Lat.  ar- 
giila,* — Fr.  argille, — is  a  substance  which  in  a 
mixed  state  is  well  known  ;  but  pure  unmixed  chiy 
is  one  of  the  rarest  substances  in  the  mineral  king- 
dom. This  earth  is  soft^  smooth^  and  unctuous  to 
the  touch;  it  strongly  absorbs  water;  where  it 
exists  in  the  proportion  of  thirty  per  cent^  it  com- 
municates in  some  degree  these  properties :  such 
rocks  are  called  argillaceous ;  they  generally  con- 
tain a  notable  portion  of  iron^  which  appears  to  haye 
a  greater  affinity  for  this  earth  than  for  any  other*. 
Lime  J — Lat.  calx. — Fr .  ckaux, — ^is  a  well-known 
earth  combined  with  carbonic  acid^  in  which  state 
it  forms  limestone^  marble^  and  chalk  :  these  only 
differ  from  each  other  by  different  degrees  of  hard- 
ness, or  of  crystallization.  Mountains  composed  of 
«— i— ^i— —      ■■-■■■, 

*  Though  alumine  or  pure  day  communicates  a  soft  quality 
to  most  stones  of  which  it  forms  a  principal  constituent  part,  a 
Teiy  remarkable  exception  to  this  is  offered  in  adamantine  spar 
and  the  sapphire,  which  nearly  equal  the  diamond  in  hardness* 
Klaproth,  one  of  the  most  laborious  and  eminent  chemists  of  the 
present  age,  has  analysed  these  stones :  the  former  contains  90 
parts  in  the  100  of  pure  clay ;  the  latter  05  parts  in  the  same 
quantity.  ^'What  a  high  degree  of  cohesive  power  (he  ob- 
serves)  must  nature  command,  to  be  able  to  transform  such  a 
common  substance  as  clay  (aluminous  earth)  into  a  body  so  emi« 
nently  distinguished  and  ennobled  as  the  sapphire  by  its  hard, 
ness,  brilliancy,  and  its  resistance  to  the  action  of  fire,  of  acids, 
or  the  effects  of  all-destroying  time !"-— JT/ciproM't  £f i oyf . 
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hme  are  denominated  calcareous.  When  lime  is 
vaited  with  sulphuric  acid,  it  forms  the  stone  called 
gypsum,  which  is  softer  than  limestone,  and  does 
not,  like  it,  effervesce  with  acids.  Calcareous  earth 
mixed  with  common  clay  forms  marie. 

Magnesia  has  rarely  been  found  pure  in  a  natiTe 
8|ate.  It  enters  into  the  composition  of  some  of 
the  primary  rocks,  to  which  it  generally  communis 
cates  a  soapy  feelj  a  striated  or  striped  texture,  and 
aom^mes  a  greenish  colour.  It  occurs  also  in  va- 
rious limestones  in  different  proportions. 

hon  appears  to  be  more  abundant  than  magne- 
aian  earth ;  it  forms  a  constituent  part  of  numerous 
rocks  and  stones ;  to  it  they  most  frequently  owe 
their  colour ;  the  earths  when  pure  are  white.  Iron 
whan  in  combination  vrith  the  earths  is  like  them 
an  oxide,  or  a  metal  united  with  oxygen.  To  the 
presence  of  iron,  the  increase  of  q[>ecific  gravity  in 
all  stones  or  earthy  minerals  may  be  attributed,  if  it 
much  exceed  S'5,  or  approach  S  :  in  other  words, 
if  they  are  nearly  three  times  heavier  than  an  equal 
bulk  of  water.  Gems  and  the  earths  barytes  and 
strontian  are  exceptions,  but  these  never  form  en- 
tire rocks.  The  presence  of  iron  not  only  increases 
the  weight,  and  dark^is  the  colour  of  numerous 
rocks  and  stones,  but  is  one  principal  means  of  their 
decomposition,  for  iron  exists  in  stones  in  two 
states  of  oxygenation,  as  the  black  or  the  red  oxide; 
and  when  the  former  is  exposed  to  air  and  mois- 
ture, it  absorbs  a  greater  portion  of  oxygen,  and  is 
converted  into  a  brown  ochrey  incrustation,  which 
peels  offs  and  exposes  a  fresh  surface  of  the  stone 
to  a  similar  process. 

£ 


* 
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Mumgj&m^e,  iji  a  state  of  oxide  oGCurs  in  a  fcw 
rocks^  taivhich  it  generally  comiDunicaies  a  idiiM 
reddish  colour  inclining' to  purple>  and  aip^uiiarly 
dry  and  burnt-like  appearance. 

Sulphur,  though  found  in  oonsidemble  masses^ 
cannot  by  itself  be  regarded  as  a  constituent  part 
of  rocks ;.  but  when  it  is  combined  with  oxjBgen 
forming  sulphuric  acid^  it  unites  with  lime  and  forms 
the  well-known  minei»l  gypsum  oi^filaster  stone. 

Carbon  or  Charcoal  enters  as  a  constituent  part 
into  many  of  the  slate  rocks^  to  which  it  generally 
eommunicatea  a  dark  colour ;  it  forais  also  regular 
beds  of  jcoQsidenLkle  thickness,  being  the  principal 
oonstfta^ent  part  of  coal.  Gacbotn  combined  with 
oxygen,  forms  carbonic  acid  or  fixed  air,  which  is 
combined  and  solkli&ed  in  alL  limestone  rocks  in 
a  proportion  exceeding  two-fifitha  of  the  whole 
weigld:.  As  caripon  exists  in  such  a  large  propoff^- 
tion  in  even  the  oldMt  lunestones,  we  may.  regard 
it  as  a  OQBStituent.eknenl;,  and  not  as  a  substance 
deriiDed  from,  the  vjegetabie  kingdom.  For  whence 
did  the  vegetables  themselves  derive  their  carbon  } 
'  Ratasa  and  &M2a.-^Tfaese  alkaKes  occur  in  minet 
rak  which  compose  parts  both  of  pcimary  and  v<^* 
eanic  rocks.;  but  the  proportion  is  so  smaU  that. they 
would  scaocely  deserve  the  attention  of  the  geologist, 
did  not  the  latter  jJkali,  soda,  exist  in  such  ahufidaitoe 
in  the  waters  o£  the.  ocean  and  in  rock  salt.  Pure 
sea  salt  OS  rock  sak  contains  nearly  53^.  parts  of  soda 
A64>  Bilriatic  acid  or  cUprine* 
I  Mmiatic  aeid  combined  with  soda  is  the  only 
state  ia  which  this  acid  forms  a  constituent  part  of 
any  rocks  we  are  yet  acquainted  with ;  except  in 
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some  volcanic  rocks,  wherls  ii  may  be  regarded  as 
acddental. 

Phosphoric  Acid  combined  with  calcareous  earth, 

is  a  principal  tonstituent  of  animal  bo^es  :  it  occurs 
also  in  a  few  limestone  beds,  which  are  supposed 
to  have  derived  Phosphoric  acid  from  the  decompo- 
sition of  anknal  matter :  this  acid  is  of  very  rare 
occurrence  in  the  mineral  kingdom. 

The  above  elementary  substances,  either  sepa- 
rately or  combined,  form  all  the  simple  minerals  of 
which  rocks  are  composed.  A  knowledge  of  these 
minerals  and  their  different  intermixtures  and  com- 
binations, can  only  be  learned  by  an  examination 
of  specimeniB ;  they  are,  however,  far  from  beings 
numerous,  and  a  short  description  of  each  is  neces- 
sary in  an  introductory  treatise. 

The  most  important  simple  minerals  composing^ 
rocks  are  quartz,  felspar,  mica,  talc,  chlorite,  hom^ 
blende,  serpentine,  limestone,  and  slate. 

Quartz  is  one  of  the  hardest  minerals  of  which 
mountain  masses  are  composed :  it  gives  plentiful 
sparks  with  steel ;  it  breaks  with  a  smart  stroke  of  the 
hammer;  the  surface  of  the  fracture  in  crystallized 
quartz  is  conchoidal,  in  uncrystallized,  splintery ; — 
the  lustre  is  vitreous.  Crystals  of  quartz,  or  rock- 
crystals,  as  they  are  commonly  denominated,  have  dif- 
fcrentdeg^recs  of  tratnsrparency ;  theblue  varieties  are 
ametfkysts.  The  most  common  forms  of  the  crystals 
ire  six-siderf  prisms  terminated  by  six-sided  pyra- 
mids, or  two  six-sided  pyramids  united,  formingado- 
decahedron  whose  faces  are  isosceles  triangles.  Un- 
crystaMized  quartz  is  seldom  transparent,  most  fre- 
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quently  translucent^  but  sometimeB  opaque.  Its 
colours  are  various  shades  of  white^  S^y>  brown, 
yellow,  red,  and  ^reen.  It  yields  a  phosphorescent 
light  and  peculiar  odour  when  rubbed*  Quartz  is 
composed  of  siliceous  earth  combined  with  a  very 
small  portion  of  alumine.  It  is  infusible  when  un- 
mixed ;  but  with  alkalies  it  melts  easily,  and  forms 
the  well  known  substance  called  glass.  It  is  not 
acted  upon  by  any  acid  except  the  fluoric.  Quartz 
exists  in  veins  intersecting  mountains,  and  it  some- 
times forms  large  beds,  and  even  entire  mountains, 
which  are  composed  of  this  mineral  in  grains 
united  without  a  cement,  called  granular  quartz. 
Fragments  or  crystals  of  quartz  are  common  in 
compound  rocks.  Grains  of  quartz  form  a  principal 
constituent  part  of  most  sandstones.  The  milk- 
white  pebbles  in  gravel  are  composed  of  quartz. 
Flint,  chert  or  hornstone,  opal,  chalcedony,  and 
agate,  are  different  modifications  of  siliceous  earth, 
which  in  their  chemical  composition  differ  little 
from  quartz.  Combined  with  a  large  portion  of 
alumine  and  iron,  quartz  loses  its  translucency  and 
passes  into  jasper,  which  forms  beds  in  primitive 
mountains,  and  is  said  to  compose  the  substance  of 
entire  ranges  of  mountains  in  Asia. 

Felspar  or  feLd-spar  (a  name  received  from  the 
Germans)  is  a  constituent  part  of  numerous  rocks. 
It  is  hard  in  a  somewhat  less  degree  than  quartz, 
and  is  more  easily  broken.  It  is  laminar,  or  com^ 
posed  of  thin  laminae  or  plates,  by  which  it  may  be, 
generally  distinguished  from  quartz.  The  crystals 
are  most  commonly  four-sided  or  six-sided  prisms. 
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whose  length  is  greater  than  the  breadth.  It  has 
a  shining  lustre.  The  colours  ai'e  white^  ff^Y^ 
milk-white^  yellowish^  or  reddish  white^  sometimes 
inclining  to  green.  The  red  passes  through  various 
sbfades^  from  a  pale  to  a  deep  red.  Crystallized 
felspar  is  translucent  It  may  be  melted  without 
the  admixture  of  alkalies^  and  forms  a  glass  more  or 
less  transparent^  which  quality  it  derives  from  the 
lime  or  alkali  that  compose  part  of  its  constituent 
ingredients ;  but  different  specimens  of  this  mineral 
vary^  according  to  the  analyses  of  the  same  che- 
mist. 

Silex   ....  63  —  74 
Alumine   •  .  17  —  14 
Potash    ...  13  — 
Lime  •  .  .  .     3  —     6 
Oxide  of  froD    1  — 
LoM    ....     3  — -  6 

Others  give  the  proportion  of  silex  46^  alumine  S4, 
lime  6. 

The  existence  of  potash  or  the  vegetable  alkali 
in  felspar^  is  a  fact  deserving  particular  attention*. 
It  may  be  owing  to  this  circumstance  that  felspar  is 
so  frequently  observed  in  a  soft  or  decomposing 
state^  although  its  hardness  is  little  inferior  to  that 
of  quartz  when  undecayed.     Those  felspars  which 


*  It  has  recently  been  discovered,  that  in  some  of  the  felspa. 
tfaic  rocks,  soda  occupies  the  place  of  potash,  and  gives  a  slight 
eliattge  to  the  crystalline  form :  this  variety  some  mineralogists 
are  desirous  of  making  a  new  species,  and  have  proposed  to  give 
it  the  name  of  Cleavelandite  ;  but  geology  and  mineralogy  are 
already  too  much  burdened  with  unmeaning  terms,  and  if  a  new 
name  most  be  introduced,  that  of  felsparite  would  at  once  convey 
so  idea  of  its  approximation  to  felspar. 
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are  durable  are  probably  free  firom  potash.  Fekpar 
18  sometimes  uncrystaliized  and  compact^  in  which 
state  it  is  classed  by  the  French  mineralogists  with 
petrosilex  or  bornstone.  Compact  felspar,  however, 
differs  from  hornstone,  the  latter  being  infusible 
without  the  addition  of  alkalies. 

Mica  derives  its  name  firom  the  Latin  micans, 
glittering,  it  is  known  as  the  substance  called 
Muscovy  glass,  and  has  a  splendid  lustre.  It  con- 
sists of  very  thin  leaves  or  laminae^  which  may  be 
easily  separated  with  a  knife.  The  plates  are  elas- 
tic, by  which  it  may  be  distinguished  from  the  mi- 
neral called  talc.  The  thin  plates  are  transparent. 
The  colours  of  the  thick  plates  are  yellow,  gray, 
blackish  green,  white,  and  brown.  The  surface 
may  be  scratched  with  a  knife :  it  melts  into  an 
enamel  with  the  blowpipe:  it  is  rarely  met  with 
crystallized. 

Talc  nearly  resembles  mica  in  appearance.  The 
plates  are  flexible,  but  not  elastic  :  it  is  much  softer 
than  mica,  and  is  infusible ;  its  colours  generally 
incline  towards  green  ;  but  it  is  sometimes  a  silver 
white  :  it  has  a  soapy  feel.  Chlorite,  which  is 
nearly  allied  to  talc,  derives  its  name  from  chioros, 
the  Greek  word  signifying  green.  Talc  and  chlo- 
rite pasd  by  insensible  gradations  into  each  other, 
and  in  this  state  they  supply  the  place  of  mica  in 
most  of  the  granitic  rocks  that  I  have  examined  in 
the  vicinity  of  Mont  Blanc.  Chlorite  is  of  a  darkish 
dull  green  colour;  it  has  a  glistening  lustre;  its 
structure  is  minutely  foliated ;  it  is  soft,  and  rather 
unctuous.  The  constituents  of  these  three  mine- 
rals are. 
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Ulc9u      Talc.      CUorite. 

Silex .  ,  ....  50  —  6%  —  41 
Alamiiie ....  35    —      9    — «      6 

Lime 1     —  —       1 

lilagiff^sia  .  ;  ,  4  —  57  —  *) 
Glide ciifon  .  0  *-^  S  —  10 
Water  and  lots     6^-^9—3 

but  these  proportions  vary  in  4iff4reat  9peciineD8.  • 
Homlilende,  to  which  the  Freneh  give  the  mune 
oiamphihole,  forms  a  constituent  part  ^f  Qdany  rodis^ 
and  appears  to  connect  the  priaaary  with  those 
which  are  of  volcanic  origin.  It  is  of  a  Uack  or 
dark  green  colour  :  it  is  heavier  but  less  bard  than 
quartz  or  felspar ;  it  may  be  scratched  with  a  knife> 
and  the  colour  of  the  streak  is  a  light  green :  it 
yields  a  bitter  smell  wben  breathed  upon^  and  melts 
easily  into  a  black  glass.  CJoromon  hornblende  is 
often  confusedly  crystallized ;  it  sometimes  forms 
entire  mountains^  or  slaty  beds  in  mountains^  and  is 
very  commonly  met  with,  in  granular  pieces,  as  an 
ingredient  in  compound  rocks:  when  it  becomes 
more  abundantly  and  minutely  disseminated  iv^ 
them^  it  forms  wjbat  are  denominated  trap  rocks^ 
whose  origin  has  greatly  divided  the  opinions  of 
geologists.  Hornblende  and  the  rocks  to  which  it 
is  most  nearly  allied  contain  as  under : 

Hornblende.      e«flt  ^S^t'Ji  «-- 

Slfex     ......  45      —      44      —      72      —  49 

Armnliie 8      —       18      —      1«      —  85 

MagnMa: 19^     —        3 

lAvBm     .....*    0      «—        0      —  sometimes  4 

^  tj      >  -  «^  ^^        f  2  with  man-       12 

Okide  .t  iron  .  .  28      -      20       {     ^^^^^^ 

Sdda  ........  —        4      — 5- with  potash. 

MMganess     ...     1  .     ^ 

Water  and  loss 
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Another  mineral  substance  called  serpentine,  fipom 
its  spotted  colours  resembling  the  serpent's  skin, 
will  afterwards  be  described  as  forming  entire 
rocks:  it  differs  in  composition  from  hornblende 
by  haying  a  larger  portion  of  magnesia  and  less 
iron ;  it  may  perhaps  be  regarded  as  an  intimate 
combination  ei  liomblende  with*  talc  or  chlorite. 
Its  component  parts,  as  given  by  different  chemisto, 
are  an  under: 

Silez  45  —  39  —  4d 

Alumioe  18  —  33 

,    Magnesia  33  —  34  —  33 

Iron  3  —    4  —  14  with  atraceof  alumine. 

Lime  —        —     Q 

Water  and  loss  11  —  10  -^    8 

From  these  analyses  it  is  evident  that  the  speci- 
mens vary  in  their  component  parts ;  in  some^  the 
proportions  are  almost  the  same  as  in  hornblende ; 
in  others^  they  more  nearly  agree  with  talc  and 
chlorite. 

lAmestone,  Carbonate  of  Kme,  however  various 
in  external  appearance  it  may  be^  is^  if  pure^  essen- 
tially composed  of  57  parts  of  lime  and  43  carbonic 
acid ;  but  in  some  rocks  the  limestone  is  intermixed 
with  magnesia^  alumine^  silex  or  iron.  The  spe* 
cific  gravity  of  limestone  varies  from  8*50  to  8*80. 
All  limestones  may  be  scraped  with  a  knife.  They 
are  infusible ;  but  when  impure  by  an  intermixture 
with  a  portion  of  other  earths^  they  vitrify  ni  burn- 
ing. All  limestones  effervesce  when  a  drop  of 
strong  acid  is  applied  on  the  surface^  and  they  dis- 
solve entirely  in  nitric  or  muriatic  acid.  The  spe- 
cific gravity^  hardness^  and  effervescence  with  acida 
taken  collectively^  dislniguish  limestone  from  all 
-^ther  minerak. 
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Cfy9lidtifmi,C!arbonatet^£jme,  Calcare9U$  S^r, 

c«n  crystallized  in  a  great  variety  of  forim;  but 
tlie  crystals  break  easily  wkh  the  stroke  of  a  ham* 
tner^  and  the  fn^^ents  are  always  rhomboidaL 

Vist  mountains  and  extensive  strata  of  limestone 
€»Ter  a  krge  portion  of  many  conn  tries.  The  va- 
rieties of  limestone  will  be  described,  as  the  rocks 
occur  in  the  primary  or  secondary  series*  The 
different  appearance  of  statuary  marble  and  chalk 
is  well  known  to  every  one*  They  are  only  diffe- 
rent modifications  of  limestone,  and  are  chemically 
the  same.  Magnesian  limestone,  sometimes  called 
Dolomite,  possesses  most  of  the  physical  characters 
of  common  lim^tone,  but  contains  various  prppor- 
tioM  of  magnesia :  it  will  be  described  when  we 
treat  of  the  rocks  with  which  it  is  associated. 

Gypmm,  or  Sulphate  of  Ume,  is  far  less  abun- 
dant than  Carbonate  of  Lime,  but  it  forms  in  some 
situations  beds  of  considerable  thickness  and  extent. 
Gypsum  is  generally  of  a  colour  inclining  to  white, 
and  is  sometimes  snow-white.  Ck>mpion  gypsum 
has  a  laminated  or  granular  structure,  and  is  some- 
times compact.  It  is  much  softer  than  common 
limestone,  and  may  be  sonttched  with  the  nail :  it 
does  not  effervesce  with  acids.  Crystallized  gyp* 
anm  has  the  properties  of  common  gypsum ;  it  is 
frequently  called  selenite.  The  constituent  parts 
of  gypsum  are  lime  8S-7,  sulphuric  acid  46*3,  and 
water  81.  A  variety  of  gypsum  which  has  no  wa* 
tte  in  ito  composition,  and  hence  called  anhydrous, 
occurs  in  beds  in  the  Savoy  Ai^s ;  it  is  there  com- 
bined with  siliceous  earth*  It  is  much  harder  than 
common  gyp«uQa>  and  even  than  common  limestone. 
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The  spMiftc  gravity  of  common  gypsum  varies  fi^om 
ft*  I  &  to  8*88,  that  of  anhydrous  gypsum  is  from 
9*80  to  8*90.  Gypsum  under  the  name  df  pbstet- 
stone  is  a  mineral  generally  known. 

Slatey  improperly  called  by  sdmegeologisls  day- 
slate,  and  by  the  old  geologists  ArgtllafceMis  9chi8>- 
tu^,  is  ^eH  known, — at  least  the  common  mrieiy 
used  as  roofing*shite,  which  may  be  regarded  as 
the  pureM  form  of  this  minemL 

The  prevailing  colours  of  slate  are  blueish  6t 
greenish  gf^y ;  it  has  a  siiky  lustre.  Slate  rocks 
have  frequetidy  a  dirtinct  slaty  structure,  and  may 
even  be  split  in  two  directions^  which  have  an  acute 
angle  with  each  other ;  but  some  sbite  rocks  have  a 
tiMpkct  structure,  and  will  ndt  admit  of  splttting ; 
slate  yields  to  the  knife,  it  is  ftisible  into  a  blaok 
slugg.  The  composition  of  state  is  various ;  indeed 
by  many  geofegists  it  is  not  regarded  as  an  homo* 
geneous  rock.  Its  composition  has  been  given  as 
ilndeY  r  SUex  48,  alumine  98,  manganese,  i  %  oxide 
of  iron  119,  oxide  of  manganese  0*5,  potass  4'7, 
cairbon  0*3,  water  7*6.  The  quantity  of  carbon 
kicreases  im  the  upper  formations  of  slate,  and  it 
padfi^  by  a  greater  admixture  of  carbon  into  a  soft 
dari^  doty  bed,  denominated  shale  by  the  English 
miners.  Slate  is  a  very  extensive  formation^  conn 
posing  mtire  mounbiins  in  many  alpiae  districts; 

BdsdU  aiid  compuct  lavas  are  classed  by  some 
minerak>gistB  with  simple  minerals;  but.  they  are 
composed  of  three  or  more  simple  minemls  dosely 
united  :>^-^hey  wiU  be  afterwards  described. 

Some  of  tbe  minerals  here  enumerated  compose 
entirtr  rocks ;  other  rocks  are  composed  of  an  in^ 
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termixture  of  two  or  More  simple  minerals^  eith^ 

cemented  together  by  another  mitieral  tubstance^  or 

the  minerals  are  crystailized  and  united  wftbovt  a 

cement.    The  different  modes  in  which  simple  mi^ 

nends  are  found  united  tog;ether  in  rocks  hare  given 

rise  to  the  following  terms. 

Gr^mtit^  composed  of  grains  or  crystals  united  with- 
out a  cement,  as  in  granites  and  soiM  sand- 
stones. 

Parphyritic,  composed  of  a  compact  homogeneous 
rock,  in  which  distinct  crystals  or  grains  are 
embedded.  T-becompactstoneiscaHedtbebsMe^ 
and  sometimes  the  paste.  The  base  of  some 
porphyrttic  rocks  m  granitic ;  in  this  case  some 
of  the  crystak  are  much  larger  than  the  rest. 

^m^daloidal,  conlaiiving  rounded  cavities  filled 
with  mineral  matter  of  a  different  kind. 

Breccia  is  composed  of  angular  fragments  of  rocks 
cemented  together. 

Pudding-stone  consists  of  rounded  stones  imbedded 
in  a  paste. 
Fnngmeiits  of  stone  broken  from  simple  rwks 

display  the  stmctuve  of  the  internal  parts.  The  Aide 

of  the  broken  part  is  called  the  fracture.    This 

internal  structure  may  be  denominated  the  mineral 

structwe,  and  is  either 

CoTiymct^  without  any  di^stinguishable  parts  or  ^-^ 
visions— or 

Bartky,  comprised'  of  minute  parts  resemblipg  dried 
e^rth. 

Stamda^y  composed  of  grains. 

fHbrauSj.  composed  of  long  and  miViute  fibres. 

UdfdHttedy  when  the  fibres  a)re  broader  and  flattish, 
and  diverging-. 
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LameUar  or  FoUaUd,  composed  of  minute  plates 

laid  oter  each  other. 
Pottms,  penetrated  by  pores. 
CeUfUar  or  Vesicular,  when  the  pores  swell  into 
rounded  cavities  like  bladders^  as  in  some 
lavas. 
Slaty  or  LanUnar,  composed  of  straight  parallel  thin 
pktes^  or  laminas. 

The  structure  of  compound  rosks  may  abo  be 
Slaty. 

The  external  structure  of  rocks  en  masse,  or  con- 
sidered as  mountain  masses^  is  as  distinct  from  their 
internal  mineral  structure  as  the  shape  of  a  build- 
ing from  that  of  the  bricks  or  stones  of  which  it  is 
composed^  though  this  distinction  has  been  gene- 
rally overiooked.  The  external  structure  of  rocks^ 
as  forming  mountain  masses^  may  be 

Stratified,  or  stratiform. 

Tabular,  or  in  large  plates. 

Colmnnar. 

GlobtUar,  or  in  spherical  masses. 
'   Massive  or  Indeterminate,  which  includes  all  un- 
stratified  rocks  that  have  no  determinate  shape. 

Stratified  mountains  or  rocks  are  those  which  are 
composed  of  layers  of  stone^  laid  over  each  other^ 
and  divided  by  parallel  seams  like  the  leaves  of  a 
dosed  book.  In  these  seams  or  partings^  which  di- 
vide the  strata^  there  are  frequently  thin  laminas  of 
soft  earthy  matter ;  but  sometimes  the  sur&ces  of 
the  upper  and  lower  stratum  are  so  closely  j6ined^ 
that  it  requires  a  considerable  force  to  separate  them.  * 
These  layers  are  denominated  strata ;  they  extend 
through  the  whole  mountain  or  mass^  their  length 
and  breadth  being  much  greater  than  their  thick- 
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iwt8«  If  the  tkickoMs  of  any  stratum  exceed  two 
or  three  yards,  it  is  more  usually  denomiuated  a 
bed ;  and  if  it  lie  between  beds  of  stone  of  a  dif* 
ferent  kind,  it  is  said  to  be  imbedded.  Strata  always 
decline  or  dip  down  to  some  point  of  the  horizon, 
and  of  course  rise  towards  the  opposite  point  A 
line  drawn  through  these  points  is  called  the  line 
of  their  dip ;  another  line  drawn  at  right  angles  to 
this,  marks  the  course  along  which  the  strata  stretch 
out  to  the  greatest  extent ; — ^it  is  called  the  line  of 
bearing.  If  a  book  be  raised  in  an  inclined  posi<- 
tion,  with  the  back  resting  lengthways  upon  the 
table,  the  leaves  may  be  supposed  to  represent  dif- 
ferent strata ;  then  the  direction  of  the  leaves  from 
the  upper  edges  to  the  table  will  be  the  line  of  dip, 
and  their  direction  lengthways  the  line  of  bearing ; 
and  the  angle  they  make  wiUi  the  table  will  be  the 
angle  of  inclination.  Strata  are,  however,  some- 
times waved  or  bent  in  both  directions,  and  are  fre* 
quently  broken  ;  which  makes  it  difficult  to  ascer* 
tain  their  true  position. 

It  is  generally  supposed  that  stratified  rocks  were 
formed  by  the  motion  of  water,  which  arranged 
them  in  succession  over  each  other  in  the  same  man- 
ner as  the  muddy  waves  of  the  ocean  deposit  their 
contents  in  regular  layers  upon  the  shore*  This 
mode  of  formation  is  called  mechanical  deposition. 
It  has  also  been  erroneously  though  generally  be- 
lieved, that  all  rocks  divided  by  parallel  seams  into 
separate  layers,  are  stratified  in  the  direction  of  the 
seams  or  partings^  and  this  error  has  led  to  much 
confusion  in  describing  rocks;  this  will  be  more 
fldly  explained  in  the  following  chapter. 

The  tahvlar  structure  consists  of  parallel  plates 
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df  roek,  separated  by  re^lar  seams.  This  structure 
has  often  been  confounded  with  stratification :  it  ap-^ 
pears  ta  be  the  result  of  crystallization^  and  is  closely 
allied  to  the  columnar  structure. 

The  Cohtmnar  or  Prismatic  structure  is  peculiar 
to  certain  roeks^  but  chiefly  occurs  in  the  basaltic  and 
Tolcanic  class.  Thick  beds  are  divided  into  columns 
or  prisms^  which  are  most  generally  pentagonal. 
They  sometimes  form  vast  rangesof  natural  columns ; 
as  at  Stafla^  the  Giants'  Causeway  in  Ireland^  and  in 
many  volcanic  countries.  Sometimes  the  prismatic 
structure  may  be  observed  forming  detached  groups 
of  columns  and  prisms^  as  represented  in  the  group 
of  columns  on  Cader  Idris^  Plate  5.  A  group  of 
basaltic  columns  of  similar  form  and  equally  perfect^ 
was  observed  by  the  author  on  the  side  of  the  yoU 
eanie  mountain  called  Gravenaire  in  Auvergne^  at 
a  small  ilistance  from  the  crater. 

The  G/o&tf/£irs<rtec<fire  consists  of  globular  masses 
either  detached  or  imbedded  in  rocks  of  the  same 
kind ;  they  are  frequently  composed  of  concentric 
layers. 

The  terms  Massive  or  Indeterminate,  may  be  ap^ 
plied  to  aD  unstratified  rocks  that  have  no  regular 
divisions.  Many  of  the  primary  rocks^  sueh  as  gra* 
nite^  porphyry^  and  serpentine^  occur  in  masses  of 
enormous  thickness^  which  are  broken  by  irregular 
fissures  in  every  direction.  HThick  currents  of  lava^ 
tf  hich  have  filled  up  hollows  or  valleys^  are  also  in- 
cfeterminate^  as  might  be  expected  from  their  mode 
of  ibrndation.  Sometimes  rocks  of  granite  and  por- 
phyry, and  also  of  compact  lava,  present  either  a 
tabular  or  a  columnar  structure ;  but  the  structure 
is  seldom  s6  regular  as  in  basaltic  rocks. 


OS 


CHAPTER  IV. 

■ 

ON  STRATIFICATION,  AND  THE  RELATIVE 

POSITION  OF  ROCKS. 

The  PriQciples  of  Stratificadoa  ezplsun^d.— Various  Appear^ 
anc^a  presented  by  plain  Strata.— -Appearances  presented  by 
curved  Strata,  and  Errors  respecting  them. — Distinction  be- 
tweea  Strata. — ^Searat  and  Natural  Fissures  or  Cleavages.-^ 
On  the  ccmfonnaUe  and  aBeoofoimaUe  Positions  of  stratiiecl 
aji4  unttralified  Rpcks,-^Tbe  IntvaB^^oq  o(  sirattfied  Rocki^ 
^j  Valleys  explained. — Longitudip^  Valieys* — ^Trapsi^reMa 
Valleys. — Lateral  Valleys. — On  the  Elevation  of  Mountains 
and  Mountain  Chains. — On  the  Direction  of  Mountain  Chains 
lA  the  new  and  M  Contineuts. — On  vertical  Beds  in  Moun- 
tains-«Oq  the  «ppiirent  Devaitetlon  la  Alpine  District8.-^4)ii 
the  Passj^es  in  the  Aljp^  called  CiM  i  and  Observationa  len 
spectiug  thei(  F^roiatioiu 

▼T  HEN  vre  have  ascertained  what  ?re  the  most 
common  or  prevailing  rocks  iti  a  part  of  any  coun- 
try^ and  observed  that  any  one  stratum  or  rock  which 
attmcts  our  attention  is  in  that  part  of  the  country 
invariably  covered  by  a  peculiar  rock  or  stratum 
of  a  different  klnd^  or  invariably  covers  any  parti- 
cular stratum ;  we  hence  learn  that  there  is  a  cer- 
tain order  of  superposition,  and  we  naturally  fbef 
desirous  to  know  whether  the  same  order  is  obser- 
vable in  every  Country  where  similar  rocks  occur. 
Thus  in  th.e  vaje  of  Thames  round  London,  there 
is  at  the  depth  of  a  few  feet  under  the  surface,  a 
dark-coteured  clay  called  London  Clay ;  and  if  we 
bore  through  this  clay,  we  shall  find  its  average  thick- 
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ness  to  be  nearly  300  feet :  but  when  we  have  pierced 
through  this  clay^  we  invariably  come  to  chalk ;  and 
were  we  to  continue  to  bore  in  the  chalky  after 
piercing  through  many  hundred  feet  of  that  rock^  we 
should  come  to  a  stratum  of  sand  or  sandstone  filled 
with  green  particles^  and  hence  called  Green  Sand. 

The  observer  who  had  confined  his  researches  to 
this  part  of  the  country  only^  would  form  a  very  er- 
roneous conclusion  were  he  to  infer^  that  the  outer 
crust  of  the  globe  was  invariably  composed  of  Lon- 
don Clay^  Chalky  and  Green  Sand.  But  wherever  si- 
milar beds  occur  together^  they  lie  in  the  same  order 
of  superposition  over  each  other.  Thus  the  London 
Clay  is  never  found  under  the  Chalky  or  the  Green 
Sand. 

But  it  is  not  always  necessary  to  bore  through 
the  upper  beds  to  ascertain  this  order :  for  the  dif- 
ferent strata  scarcely  ever  occur  in  a  flat  or  hori- 
zontal position ;  they  generally  rise  in  a  certain  di- 
rection^ and  come  to  the  surface^  as  represented  in 
Plate  I,  fig.  1.  Now  by  travelling  in  the  direction 
of  the  strata  from  a  to  b^  we  come  upon  the  outer 
edges  18  3^  and  may  trace  their  order  of  succession 
as  they  rise  from  under  each  other.  In  ravines  and 
the  escarpments  of  mountains^  and  in  the  cliffs  on 
the  sea  coast^  we  are  also  enabled  to  trace  the  order 
of  position  and  succession  of  rocks.  But  to  do  this 
with  tolerable  correctness^  we  must  have  an  accu- 
rate knowledge  of  stratification  in  all  its  various 
possible  forms.  However  simple  the  principles  of 
stratification  may  at  first  appear^  this  knowledge 
when  applied  to  practice  is  not  of  such  easy  attain* 
men  t  as  some^  many  imagine^  and  for  want  of  it  Geo- 
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logists  of  considerable  eminence  have  fidlen  into  the 
most  egregious  errors.  A  knowledge  of  Stratifi- 
cation is  indeed  of  far  greater  importance  to  the 
practical  geologist^  than*  an  acqmintance  with  the 
rainutis  of  Mineralogy  or  Conchology. 

ThoQgh  the  word  Stratum  in  its  original  lan- 
guage and  by  general  acceptation^  in  speaking  of 
rocks^  denotes  a  bed^  it  is  convenient  to  restrict  thQ 
term  bed  to  strata  of  considerable  thickness;  for 
such  beds  are  often  subdivided  into  several  distinct 
minor  strata^  and  we  cannot  well  describe  a  strati^ 
fied  stratum. 

When  a  series  of  strata  of  a  similar  rock  are  ar- 
ranged with  occasional  strata  intervening  of  rocks 
of  another  kind^  which  recur  in  different  paits  of 
the  series,  they  are  regarded  as  having  been  formed 
nearly  at  the  same  epochs  and  under  similar  circum- 
stances ;  and  such  series  are  called  by  geologists 
Formations.  Thus  the  strata  of  marie  accompanying 
chalky  with  the  strata  containing  nodules  or  layers 
of  flint,  are,  together  with  the  whole  series  of  chalk 
strata,  denominated  the  chalk  formation.  In  cinder 
to  obtain  a  distinct  idea  of  stratification  in  its  sim- 
plest form,  let  the  young  geologist  take  a  piece  i^ 
pasteboard  or  thin  wood, — say  18  inches  square:  let 
faimdivide  it  in  the  middle  into  two  equal  planes>each 
12  inches  in  length  and  6  in  breadth.  Place  one  of 
these  planes  flat  on  a  table  with  the  ends  facing  the 
north  and  south ;  the  sides  will  of  course  be  at  right 
angles,  and  face  the  east  and  west.  Now  ifone  of 
the  sides  be  tihed, — say  the  western  side,-^we  may 
suppose  the  pasteboard  plane  to  represent  a  stratum 
rising  to  the  west  and  dipping  eastward.     The 
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lengthways  direction  of  the  plane  is  called  the  line 
of  bearing;  and  the  declining  direction  is  called  the 
Une  of  dip,  which  is  at  right  angles  to  the  line  of 
bearing.  The  angle  at  which  the  stratum  rises 
above  the  horizontal  line  or  level  is  called  the  Incli'^ 
nation.  Suppose  the  western  edge  of  the  paste- 
board plane  is  raised  above  the  table^  forming  with 
|t  an  angle  of  thirty  degrees ;  then  we  say  the 
direction  of  the  stratum  is  north  and  souths  its  dip 
east^  its  rise  of  course  west^  and  its  angle  of  in- 
clination thirty  d^prees.  Simple  as  this  appears^ 
geologists  of  considerable  eminence  have  made  the 
most  palpable  mistakes  in  defining  stratification.  It 
has  been  said  correctly^  that  the  line  of  dip  being 
always  at  right  angles  to  the  direction  or  line  of 
bearings  when  the 'dip  is  given^  the  direction  is 
known  :  but  when  it  is  further  said^  that  if  the  direc- 
tion is  given^  the  line  of  dip  is  given  also^  the  asser- 
tion is  erroneous ;  for  let  the  above  plane  of  paste- 
board be  again  laid  flat  upon  the  table  in  the  same 
direction^  due  north  and  south ;  but  instead  of  tilling 
up  the  western  edge^  if  we  tilt  up  the  eastern^  we 
shall  then  have  the  same  line  of  bearing  as  in  the 
first  instance^  but  the  dip  will  be  west  instead  of 
east. 

It  sometimes  happens  that  a  stratum  without 
varying  its  direction  may  dip  two  ways  in  the  same 
mountain^  like  the  sloping  sides  of  the  roof  of  a 
churchy  or  the  letter  ^  reversed.  Place  the  two 
planes  of  pasteboard  in  a  north  and  south  direction, 
and  nuse  them  so  as  to  make  the  upper  edges  meet ; 
we  shall  then  have  the  line  of  bearing  north  and 
south  as  before,  and  the  dip  east  on  one  side  and 


PBIIfCIPLES  OF  STRATiriCATlOK.  67 

west  on  the  other.  The  limestone  strata:  at  Dud^y 
Castle  Hill  dip  on  each  side  of  the  hill  as  above 
described. 

Whatever  may  be  the  hnclination  of  a  stratum^ 
its  true  thickness  is  measured  by  a  line  perpendi- 
cular to  the  upper  and  under  surface. 

If  we  take  a  number  of  similar  planes  of  paste- 
board of  different  colours^  and  lay  the  undermost  a 
little  inclined^  and  place  another  plane  upon  it, 
with  the  upper  edge  about  an  inch  or  more  distant 
from  that  of  the  under  stratum^  and  again  lay  the 
others  in  succession  in  the  same  manner ;  the  un- 
covered ends  of  the  planes  will  rise  from  under 
each  other  like  a  number  of  slices  of  bread  and 
butter  laid  on  a  plate.  These  uncovered  edges  will 
represent  the  outcrop  or  crop  of  the  strata  ;  and  it 
will  be  perceived  how  we  may  obtain  a  knowledge 
of  an  under  stratum^  without  sinking  or  boring, 
merely  by  crossing  a  country  in  the  line  of  the  rise 
or  dip  of  the  strata.  When  strata  are  arranged  in 
this  manner,  they  are  said  to  be  in  a  conformable 
position.  (Pkite  1.  fig.  I.)  It  will  naturally  be  in- 
quired, whether  the  strata  absolutely  terminate 
where  we  find  their  outcrop  ?  In  some  instances 
this  is  the  case ;  but  frequently  the  strata  are  bent 
or  broken  in  the  line  of  their  rise,  and  the  same 
stratum  may  crop  out  in  one  place  and  appear  again 
fbrther  on  in  the  line  of  its  rise,  as  represented 
Plate  1.  fig.  2.  We  must  be  particularly  attentive 
to  this  circumstance,  otherwise  we  may  mistake  the 
true  posidon  of  a  stratum,  and  describe  it  as  one 
much  lower  in  the  series  we  are  examining.  In 
fome  instances  we  come  suddenly  to  the  termtna- 
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tion  of  a  whole  series  of  strata^  as  in  descending 
the  Cotswold  Hills  into  the  Vale  of  Severn ;  the 
limestone  called  Roe-stone^  of  which  they  are  prin- 
cipally composed^  is  not  found  on  the  other  side 
of  the  valley^  nor  in  any  part  of  England  to  the 
north-west  of  it.  Has  this  limestone  ever  extended 
further  f  and  if  it  have  iextended  further^  by  what 
cause  has  it  been  removed  ?  These  inquiries  will 
be  adverted  to  in  a  following  chapter. 

To  return  to  our  pasteboard  pkines^  arranged  as 
before  described^  with  the  edges  rising  from  under 
each  other  in  the  conformable  position.  If  we  take 
another  series  of  planes^  and  lay  them  flat  over  the 
outcropping  edges  of  the  conformable  seriesy  we 
shall  then  have  the  unconformable  position  repre- 
sented^ Plate  1.  fig.  3.  Now  the  strata  that  cover 
the  lower  stratified  class  in  England  occur  in  this 
position ;  and  the  following  important  inference 
may  be  drawn  from  it^  namely^  that  the  under  stra- 
tified rocks  had  been  formed^  and  their  strata  broken 
and  raised  up^  at  a  period  which  must  have  pre- 
ceded the  formation  of  the  upper  series  by  a  consi- 
derable interval.  For  the  lower  series  were  evi- 
dently solidified^  and  afterwards  in  many  instances 
broken ;  and  the  fractured  edges  of  the  strata  le- 
velledj  before  the  unconformable  strata  were  depo- 
sited upon  them. 

The  most  common  error  which  persons  com- 
mencing the  study  of  geology  are  liable  to  make^  is 
ID  mistaking  the  apparent  for  the  real  inclination 
of  the  strata.  Plate  1.  fig.  4.  will  render  this 
more  intelligible  than  any  description.  It  repre- 
sents a  portion  of  a  stratified  mountain^  of  which 
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the  strata  have  a  considerable  dip  to  the  east,  if 
the  escarpment  or  section  be  made  in  the  line  of 
bearings  the  strata  will  appear  to  range  from  north 
to  souths  without  any  rise  or  dip,  and  would  be  de- 
scribed by  a  young  observer  as  being  horizontal. 
But  if  an  opening  or  section  be  made  on  the  side 
parallel  to  the  line  of  dip^  as  at  c  c^  the  true  inclina- 
tion will  be  seen.  Any  section  made  in  an  oblique 
direction  to  the  line  of  dip  will  cause  the  inclina- 
tion to  appear  less  than  the  true  one^  and  the  line 
of  dip  will  appear  to  vary  from  the  true  one.  The 
chances  therefore  are  very  great  against  the  natural 
section  made  in  a  mountain  presenting  the  true  dip 
and  inclination  of  the  strata.  Another  error  which 
a  person  who  does  not  attend  to  the  dip  and  direc 
tion  of  the  strata  may  fall  into  is^  mistaking  an  under 
for  an  upper  stratum.  Suppose  a  hill  to  be  covered 
with  vegetable  soil^  and  a  quarry  or  pit  was  made 
in  it  near  the  bottom^  as  at  a,  Plate  1.  fig.  1.  and  the 
stone  vms  discQvered  to  be  sandstone :  suppose  an- 
other pit  was  sunk  near  the  summit  at  b,  which  cut 
into  limestone ;  it  might  be  supposed  that  the  lime- 
stone lay  over  the  sandstone  stratum,  when  it  is  in 
reality  below  it.  The  young  observer^  who  has  not 
a  clear  notion  of  this^  may  be  said  not  yet  to  have 
passed  the  pons  asmorum  of  the  geologist. 

In  calcareous  mountains  of  vast  magnitude^  as 
those  in  the  Swiss  and  Savoy  Alps^  the  enormous 
beds  of  limestone  are  often  intersected  by  regular 
seams^  which  cut  through  the  whole  bed  in  a  direc- 
tion nearly  perpendicular  to  that  of  the  true  strata 
seams,  or  make  very  oblique  angles  with  them. 
These  partings  or  seams  are  sometimes  nearly  ver- 
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tical^  when  the  strata  are  almost  horizontal.  The 
cliffs  and  escarpments  of  these  mountains  being  lofty 
and  much  exposed  to  the  action  of  the  atmosphere^ 
the  vertical  seams  enlarge^  and  are  often  more  con- 
spicuous than  the  strata  seams ;  hence  without 
great  attention^  the  observer  may  describe  the  strata 
of  a  mountain  as  being  perpendicular^  when  in 
reality  they  are  nearly  horizontal.  To  add  to  the 
difficulty^  it  very  frequently  happens  that  a  calca* 
reous  deposition  like  a  coat  of  plaster  covers  the 
face  of  a  rock :  this  has  been  formed  by  moisture 
running  over  the  surface^  and  depositing  calcareous 
particles  upon  it.  This  deposition  sometimes  con- 
ceals the  stratification  seams  as  completely  as  a 
coat  of  plaster  covers  the  rows  of  brick  in  a  build- 
ing. The  vertical  seams  or  partings  are  also  some- 
times open^  and  sometimes  have  formed  parallel 
ridges^  which  efface  the  appearance  of  the  strata 
seams  in  one  part  of  a  rock^  but  not  in  the  other ; 
and  in  such  instances  we  have  apparently  a  moun- 
tain mass  in  which  the  strata  are  partly  horizontal 
and  partly  vertical.  See  Plate  1.  fig.  5.  Inattention 
to  this  circumstance  I  am  convinced  has  sometimes 
deceived  the  eye  of  M .  Saussure^  one  of  the  most 
diligent  and  accurate  of  observers. 

The  modes  of  stratification  we  have  been  consi- 
dering are  those  of  plan^  strata;  but  in  many  situa- 
tions^ particularly  in  the  Alps  and  the  Jura  chain, 
the  strata  are  curved  and  bent  round  the  mountains, 
encircling  them  like  a  mantle.  The  ravines  and 
escarpments,  according  to  the  position  in  which  the 
sections  have  been  made,  present  the  most  varied 
forms  of  stratification  in  the  same  mountain.  In  one 


PUMCIPLBS  OF  STRATIFICATION.  71 

part^  the  strata  will  seem  to  rise  almost  vertically ; 
in  another^  to  be  nearly  horizontal ;  and  in  a  thirds 
to  be  deeply  curved :  and  this  will  depend  much  on 
the  relative  position  of  the  observer^  whether  he  be 
placed  on  one  side  or  in  lace  of  the  escarpment. 
Suppose  a  transverse  section  be  made  through  a 
mountain  in  the  direction  a,  h  (Plate  1.  fig.  6.)^  it 
would  show  the  true  position  of  the  arched  strata : 
but  if  we  suppose  the  side  of  the  mountain  c,  d,  to 
be  removed^  an  observer  placed  at  e  would  see  the 
face  or  escarpment  on  that  side^  with  the  edges  of 
the  strata  lying  horizontally^  and  might  describe 
them  as  horizontally  stratified^  were  he  to  view  no 
other  part  of  the  mountain.  In  some  situations  the 
fracture  made  in  the  arched  stratification  is  much 
broken ;  and  we  have  on  the  side  of  the  same  moun- 
tain the  appearance  both  of  horizontal  and  greatly 
inclined  stratification.  An  instance  of  this  occurs 
near  the  Lake  of  Bourget  in  Savoy.  Plate  2.  fig.  I. 
represents  the  appearance  of  strata  on  the  side  .of  a 
mountain^  which  has  the  arched  stratification  before 
described ;  but  the  outermost  strata,  instead  of  en- 
folding the  whole  mountain,  only  cover  the  south- 
ern side,  and  are  broken  off  at  the  summit  in  a 
line  nearly  parallel  with  it ;  and  their  edges  pre- 
sent the  appearance  of  horizontal  strata,  a,  a,  a. 
Lower  down  the  mountain,  part  of  the  under  strata 
have  fidlen  off  in  a  sloping  direction,  and  their 
projecting  edges  present  at  a  distance  the  ap- 
pearance of  highly  inclined  strata.  This  may  be 
further  illustrated  by  taking  a  half  cylinder,  or,  for 
want  of  that,  a  thick  book ;  and  opening  it  a  little, 
place  it  with  the  edges  upon  the  table,  and  the  bark 
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uppermost ;  cover  the  book  or  half  cylinder  with  a 
number  of  folds  of  paper  of  different  colours^ — these 
will  represent  arched  strata.  Cut  away  the  outer- 
most folds  along  the  back^  and  take  away  the  other 
half ;  the  edges  of  the  paper  will  represent  those  of 
the  upper  strata^  and  their  position  will  appear  to  be 
horizontal.  Cut  away  the  comers  of  the  under 
sheets  a  little  behind  each  other^  so  that  the  edges 
of  each  coloured  sheet  may  be  visible ;  and  these 
will  represent  the  appearance  of  highly  inclined 
strata^  and  have  frequently  been  mistaken  for  such. 
The  young  geologist  may  greatly  facilitate  the 
study  of  stratification^  by  laying  coloured  planes  of 
any  soft  and  yielding  substance  over  each  other^ 
and  inclining  them  in  various  positions ;  then  let 
him  make  sections  in  different  directions  with  a 
knife^  and  also  carve  out  hollows  representing  val- 
leys^ cutting  through  inclined  strata  at  various  an- 
gles with  the  line  of  dip  and  line  of  bearing :  by 
this  means  he  may  gain  a  more  correct  idea  of  the 
varied  phenomena  of  stratification^  both  in  moun- 
tains and  valleys^  than  the  most  elaborate  descrip- 
tions can  convey. 

The  strata  of  secondary  rocks  belonging  to  the 
same  formation  generally  preserve  the  same  thick- 
ness for  a  considerable  extent^  and  are  arranged 
conformably  over  each  other^  except  in  situations 
where  the  regularity  of  the  strata  has  been  disturbed 
by  rents  or  fractures.  In  these  secondary  conform- 
able strata,  the  order  in  which  they  succeed  each 
other  indicates  their  relative  ages ;  but  this  rule 
cannot  be  extended  to  all  classes  of  rocks. 

No  inference  can  at  first  appear  more  legitimate 
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than  this :  ^'  The  rodk  which  supports  another  must 
be  older  than  that  which  rests  upon  it^  if  their  ori- 
^nal  position  has  not  been  changed/'  But  this  con- 
clusion^ when  examined  with  attention^  will  ikirly 
admit  of  doubt  with  respect  to  those  rocks  which 
are  crystalline  like  the  primary.  These  were  formed 
by  chemical  affinity  from  a  state  of  solution^  or  by 
crystallization  from  a  state  of  fusion  : — if  by  the  lat- 
ter mode^  all  the  different  beds  may  have  been  ar- 
ranged at  the  same  time^  and  the  upper  and  lower 
rocks  may  have  a  cotemporaneous  origin.  If  a  mass 
of  melted  matter  from  a  furnace  cool  slowly^  the 
internal  and  external  parts  will  vary  both  in  their 
physical  and  chemical  properties;  but  it  cannot^ 
on  this  account^  be  said  that  the  lower  part  is  older 
than  the  upper.  In  those  rocks  which  have  been 
subjected  to  external  agency^  as  in  sand  rocks  which 
contain  fragments  that  have  been  rounded  by  water^ 
their  situation  evidently  proves  that  they  were 
formed  after  the  rocks  on  which  they  rest. 

It  has  been  before  observed^  that  those  rocks 
which  contain  different  species  of  organic  remains^ 
separated  by  beds  or  strata  in  which  no  such  re- 
mains occur^  must  have  been  formed  in  succession 
over  each  other^  and  probably  at  very  distant  inter- 
vals of  time.  This  inference  appears  to  me  con- 
clusive^ nor  can  it  be  invalidated  by  the  crystalline 
arrangement  and  cleavage  of  some  of  those  rocks. 

Rocks  of  the  primary  class  frequently  cover  each 
other  in  an  order  which^  viewed  on  a  grand  scale^ 
may  be  said  to  be  conformable;  but  the  different 
rocks  in  each  class  are  generally  of  such  vast  and 
irregular  thickness^  that  their  order  of  succession  is 
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oflen  not  easy  to  trace :  beside^  some  of  these  rocks 
pass  by  a  chafage  of  structure  into  each  6ther^  and 
their  line  of  junction  or  separation  can  seldom  be 
observed.  Viewed^  however^  as  composing  moun* 
tain  chains^  the  more  general  arrangement  is  repre- 
sented^ Plate  3.  fig.  I.  on  which  granite  or  the 
foundation  rock  is  marked  a,,  gneiss  b,  mica  slate  c, 
common  slate  d,  the  transition  series  c,  c,  and  the 
lower  secondary  dv,F.  x  x,  represents  the  posi- 
tion of  a  bed  of  limestone  or  any  other  rock  in  a 
mountain  of  slate ;  in  this  position  it  is  said  to  be 
imbedded ;  and  if  a  number  of  these  beds  occur^  they 
are  said  to  be  subordinate. 

The  unconformable  position  of  unstratified  rocks 
is  represented^  Plate  3.  fig.  S.  where  d!  is  a  mass 
of  columnar  basalt^  and  c  a  mass  of  porphyry  resting 
upon  the  rocks  I^  9,  3,  without  any  conformity  to 
the  shape  of  the  lower  beds.  Whatever  theory  we 
adopt  respecting  the  formation  of  rocks,  we  must 
admit  that  the  superincumbent  rocks  in  this  situa- 
tion are  of  more  recent  origin  than  those  which 
they  cover:  the  lower  must  have  been  hard  and 
unyielding^  when  the  upper  were  thrown  upon 
them.  If  a  thick  stream  of  lava^  as  frequently  hap- 
pens, were  to  flow  over  a  range  of  conformable 
rocks,  filling  up  the  cavities  and  inequalities  of  the 
surfince, — when  it  became  hard  by  cooling,  it  would 
form  a  bed  of  superincumbent  unconformable  rock. 
Such  instances  are  common  in  volcanic  countries. 
Very  extensive  ranges  of  rocks  and  mountains  occur 
in  this  position  in  various  parts  of  the  world,  not 
only  covering  the  primary,  but  the  secondary  rocks. 
These  will  hereafter  be  described,  under  the  name 
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of  porphyry^  sienite,  and  basalt*  They  frequently 
assume  the  columnar  structure,  and  sometimes  form 
vast  ranges  of  natural  pillars ;  as  at  Stafia  one  of  the 
Hebrides,  on  the  north  coast  of  Ireland,  in  Iceland, 
Sicfly,  and  many  volcanic  countries. 

Having  described  the  position  of  both  stratified 
and  unstratified  unconformable  rocks,  it  may  be 
proper  to  state  that  the  latter  rocks  occar^  covering 
both  primary,  transition,'  secondary,  and  tertiary 
strata  :  many  of  those  which  cover  the  secondary 
and  tertiary,  seem  evidently  to  have  been  the  pro- 
ducts of  subterranean  fires ;  and  even  those  which 
cover  the  primary  and  transition  rocks,  bear  a  close 
affinity  to  volcanic  rocks.  If  we  admit  thi^t  our 
loftiest  ranges  of  mountains  were  elevated  by  the 
expansive  force  of  central  fires,  this  power  acting 
upon  an  extenuve  portion  of  the  globe,  might  be 
ages  in  upheaving  the  incumbent  surface,  which 
would  continue  to  rise  until  vast  fissures  weremade^ 
through  which  the  subterranean  melted  matter 
would  be  thrown  over  the  mountains  and  plains 
then  existing,  and  form  the  superincumbent  rocks 
of  basalt,  porphyry,  and  sienite,  that  seem  to  be  so 
nearly  allied  to  volcanic  products.  While  one  part 
of  the  surface  was  rising,  another  part  would  sink, 
and  form  a  new  bed  into  which  the  waters  of  'the 
ocean  would  gradually  retire. 

According  to  Humbddt,  the  extraordinary  erup- 
tions by  which  new  islands  have  been  formed  since 
the  period  of  authentic  history,  have  been  pre- 
ceded by  a  swelling  of  the  softened  crust  of  the 
globe.  At  Kamerni,  the  new  ishind  made  its  ap- 
pearance above  the  sea  twenty-six  days  before  the 
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smoke  was  visible.  ^^  Every  thing  indicates  that 
the  physical  (changes  of  which  tradition  has  pre- 
served the  remembrance^  exhibit  but  a  feeble  image 
of  those  gigantic  catastrophes  which  have  given 
mountains  their  present  form^  changed  the  position 
of  the  rocky  strata,  and  buried  sea-shells  on  the 
summit  of  the  higher  alps.  It  was  undoubtedly  in 
those  remote  times  which  preceded  the  existence  of 
the  human  race^  that  the  raised  crust  of  the^globe 
produced  those  domes  of  trappean  porphyry^  those 
bills  of  isolated  basalt  in  vast  elevated  plains^  those 
solid  nuclei  covered  with  the  modern  lavas  of  the 
Peak  of  Teneriffe^  of  Etna^  and  C!otopaxi/'  Hum- 
holdt. 

To  these  great  catastrophes,  and  the  mighty  force 
of  vast  inundations  which  have  swept  over  our  pre- 
sent continents,  must  we  ascribe  the  inequalities  of 
the  earth's  surface,  the  elevation  of  mountains,  the 
excavation  of  valleys,  which  have  broken  the  con- 
tinuity of  strata,  and  removed  the  broken  parts  into 
distant  countries. — It  is  not  my  intention  in  the 
present  ch^ter  to  enter  on  the  subject  of  the  for- 
mation of  vdleys ;  it  will  be  reserved  for  a  subse- 
quent part  of  the  volume  :  but  it  may  be  useful  to 
state  to  the  geological  student,  that  all  stratified 
mountains  are  only  parts  of  extended  strata,  with 
which  they  were  once  united. 

This  will  be  more  distinctly  understood  by  con- 
sulting Plate  4.  fig.  1.  which  is  intended  to  re- 
present the  general  rise  of  the  strata  from  Sheffield 
in  Yorkshire  to  Castleton  in  Derbyshire,  intersected 
by  the  valley  through  which  the  river  Derwent 
flows. 
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The  town  of  Sheffield^  fig.  1.  is  built  o?er  coal 

strata^  which  rise  towards  the  west^  and  disappear 

in  that  direction  about  five  miles  from  Sheffield  (9). 

Here  the  under  rock  makes  its  appearance  (3)/ 

vf hich  is  a  bed  of  coarse  ^itstone^  more  than  one 

hundred  and  twenty  yards  in  thickness^  forming  the 

summits  of  all  the  mountains  as  you  advance  to. the 

vale  of  Derwent  (4).    The  grit-rock  rests  upon  a 

thicker  bed^  of  a  different  kind^  composed  of  slaty 

sandstone^  represented  (5).    On  the  western  side  of 

the  valley^  this  rock  exists  only  as  a  cap  or  covering 

on  Whin-Hill^  a  lofty  mountain,  marked  (6).   Two 

miles  further  west  the  grit-rock  disappears,  and  the 

slaty  sandstone  which  is  the  base  of  Whin-Hill 

forms  the  summit  of  the  celebrated  Mam  Tor,  or 

the  shivering  mountain.    The  mountain  limestone 

(7)  here  makes  its  appearance  as  the  base  of  Mam 

Tor,  and  further  west  the  same  limestone  forms 

entire  mountains.     The  difference  observable  in 

the  rocks  east  and  west  of  the  Derwent  is  owing  to 

the  general  rise  of  the  strata  in  the  latter  direction. 

It  is  here  obvious  that  Whin-Hill,  though  it  ap-- 

pears  an  isolated  mountain,  is  only  a  portion  of  the 

thick  beds  of  gritstone,  and  slaty  sandstone^  which 

form  the  hills  on  the  other  side  of  the  valley. 

When  valleys  take  the  same  direction  as  that  of  a 
range  of  mountains^  they  are  called  longitudinal 
vaUenfs  ;  when  they  cut  through  a  range  of  moun- 
tains, tiiey  are  called  tranwersal  vaU&fs  ;  in  the  lat- 
ter case,  the  strata  on  each  side  are  most  generally 
prokmgationB  of  the  same  beds.  « 

The  small  valleys  which  open  into  a  larger  valley 
nearly  at  right  angles  to  it  are  called  lateral  vaUeya, 
In  some  rare  instances,  a  valley  is  formed  by  the 
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bending  of  the  strata^,  which  make  a  trough  as  re- 
presented Plate  1.  fig.  S. 

Mountains,  except  those  formed  by  volcanos,  are 
seldom  isolated  masses  rising  from  a  pl&in^  but  they 
form  ^roups^  or  are  ranged  together  in  a  certain 
direction,  and  compose  long  and  lofty  ridges^  de- 
nominated mountain  chains.  Lower  ranges  of 
mountains,  running  in  the  same  direction  as  the 
principal  range,  and  separated  by  valleys  of  greater 
or  less  width,  may  be  observed  accompanying  almost 
all  very  lofty  moantain  chains.  This  fact  appears 
to  indicate  the  operation  of  a  powerful  elevating 
force,  acting  in  one  direction  along  a  certain  line, 
and  decreasing  in  intensity  as  the  distance  from 
each  side  of  this  line  increases  :  but  this  action  does 
not  appear  to  extend  .with  equal  force  on  both  sides 
of  the  line ;  for  the  smaller  chains  parallel  to  the 
g^eat  chain  are  seldom  so  numerous  on  one  side  of 
it  aa  on  the  other.  The  principal  mountain  chain, 
if  very  large,  has  its  sides  furrowed  by  small  lateral 
valleys,  and  has  not  been  unaptly  compared  to  a 
back-bone  or  spine^  with  divergingvribs^ 

Mountain  chains  traverse  continents  ond  islands^ 
and  appear  to  constitute  the  skeleton  on  which  they 
are  formed*  The.  shape  of  many  countries  and 
islands  is  evidently  determined  by  the  direction  of 
the  grand  mountain  chains  that  run  through  them. 

The  principal  mountains  in  the  old  continents 
when  viewed  on  a  large  scale  may  be  considered  as 
forming  a  mountain  chain  composed  of  numerous 
mountain  gr#ups^  and  extending  in  an  easterly  di- 
rection from  Cape  Finisterre  in  Spain^  to  the  most 
eastern  extremity  of  Asia.  Various  parts  of  this 
chain  receive  different  denominations  in  the  diffe- 
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rent  countries  through  which  they  pass.  The  Py« 
renees^  the  AIps^  Mount  Taurus^  Mount  Caucasus^ 
the  Altaic  and  the  Himmaleh  mountains^  and  the 
Yablonnoy  mountains  of  Tartary  which  extend 
nearly  to  Beerhin^s  Straits^  may  be  regarded  as 
forming  together  one  immense  mountain  chain^  and 
dividing  the  northern  from  the  southern  dry  land 
both  in  Europe  and  Asia. 

In  North  and  South  America  one  unbroken  chain 
of  mountains  runs  in  a  northerly  and  southerly  di- 
rection for  eight  thousand  miles  near  the  western 
side  of  that  vast  continent^  and  with  some  minor  di- 
vei^ng  chains  has  evidently  determined  the  gene- 
ral  outline  of  both  countries.  A  remarkable  simi- 
larity occun  in  the  position  of  the  escarpments  or 
steep  sides  of  mountains  in  the  same  mountain 
range.  Various  opinions  have  been  formed  respect- 
ing the  law  which  the  position  of  the  escarpments 
appears  to  follow ;  but  I  believe  the  rule  I  submitted 
to  the  attention  of  geologists  in  the  first  edition  of 
this  work  will  be  found  to  approximate  to  the  truth. 

Mountain  chains  or  ranges  present  the  steepest 
declivities,  on  the  sides  nearest  to  the  sea.  This 
is  remarkably  the  case  in  the  long  chain  of  the  Al- 
leghany mountains  on  the  eastern  side  of  America^ 
which  are  steep  towards  the  Atlantic.  On  the  con- 
trary^ the  Stony-mountains  which  run  near  the 
north-west  coasts  and  the  Andes  near  the  southern 
Pacific  ocean^  are  steepest  on  their  western  side. 
In  ranges  of  mountains  that  form  the  boundaries  of 
lakes  or  of  extensive  vales^  through  which  large  ri- 
vers flowj  the  mountains  nearest  to  the  rivers  have 
the  steepest  declivities.  The  largest  rivers  have 
their  origin  from  the  sides  of  mountains  which  are 
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most  inclined  to  the  horizon^  and  most  remote  from 
the  sea. 

The  beds  or  strata  of  very  lofty  mountains  are 
generally  much  inclined^  and  are  sometimes  nearly 
vertical.  Among  these  highly  inclined  beds^  we 
not  unfrequently  observe  beds  of  limestone  contain- 
ing marine  shells^  which  must  have  been  originally 
deposited  at  the  bottom  of  the  ocean.  In  some  in- 
stances we  meet  with  vertical  strata^  containing 
rounded  pebbles  and  water-worn  fragments  of  other 
rocks;  these  must  alsohave  been  originally  deposited 
on  a  surface  nearly  horizontal:  we  are  therefore 
certain^  that  the  present  vertical  position  of  these 
strata  is  not  their  original  one ;  and  we  hence  also 
leam^  that  all  the  strata  associated  with  them  in  the 
same  mountain^  and  having  the  same  inclination^ 
were  raised  together.  We  have  further  proof  that 
before  the  epoch  when  this  great  revolution  was  ef- 
fected^ all  these  beds  were  covered  by  the  seas  then 
existing^  and  it  was  under  the  ocean  that  the  change 
of  position  took  place. 

No  person  who  reflects  on  the  appearances  pre- 
sented in  a  mountainous  district  can  believe  that  the 
broken  and  elevated  beds^  the  peaked  summits^  the 
impending  cliffs^  and  the  immense  fragments  of 
rock  scattered  in  the  valleys  and  adjacent  countries^ 
were  originally  created  and  placed  as  we  now  ob- 
serve them. 

The  traveller  who  in  crossing  an  extended  de-^ 
sert  should  meet  with  the  remains  of  some  unknown 
temple^  could  not  for  a  moment  doubt  that  the  bro- 
ken and  prostrate  columns^  the  mutilated  arches^  the 
scattered  capitals  and  inscriptions^  had  been  re- 
moved by  some  devastating  cause  from  their  origi- 
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nal  position ;  nor  is  the  proof  less  certain^  that 
the  rocky  pavement  of  our  globe  has  been  broken^ 
and  its  parts  which  were  once  united^  widely  sepa- 
rated from  each  other.  Some  of  the  phsenomena 
we  observe  in  mountains  were  produced  by  the 
disturbing  force  which  first  elevated  them ;  others 
have  been  subsequently  effected  either  by  vast  inun* 
dations^  which  have  swept  over  their  summits  and 
torn  away  considerable  portions  of  the  softer  beds^ 
or  by  the  more  gradual  decomposition  and  disinte- 
gration produced  by  atmospheric  influence ;  by  the 
latter  cause^  the  lofty  and  exposed  peaks  and  escarp- 
ments of  rocks  are  slowly  wearing  down. 

During  the  two  summers  I  passed  in  the  Alps^  I 
was  much  struck  with  the  circumstance  that  all  the 
great  openings  or  passages  over  these  mountains^ 
caUed  Cols,  were  made  by  excavations  in  beds  of 
soft  slate;  and  the  fact  I  think  admits  of  an  easy  ex- 
planation^ but  I  do  not  know  that  it  has  been  before 
remarked  by  Geologists. 

If  we  suppose  a  portion  of  the  Alps  to  be^repre- 
aented^  Plate  S.  the  dotted  lines  above  the  present 
surface  will  mark  the  supposed  original  prolonga- 
tion of  the  different  beds  at  the  period  when  they 
were  raised.  As  the  ocean,  from  whence  these 
beds  were  raised,  must  have  been  agitated  with 
inconceivable  violence,  the  retiring  waters  would 
scoop  out  deep  excavations  in  the  softer  beds  of 
schist,  and  also  tear  off  many  of  the  vertical  plates  of 
the  hardest  rocks,  and  form  the  rudiments  of  these 
pyramidal  peaks  and  aiguilles,  which  rise  like  the 
spires  of  a  Gothic  cathedral.  Subsequent  deluges, 
of  which  there  are  also  proofs,  may  have  further 
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torn  away  portions  both  of  the  harder  and  softer 
beds;  and  the  disintegration  of  the  granitic  aiguilles 
which  are  exposed  to  the  influence  of  atmospheric 
agency  is  daily  taking  place^  and  their  ruins  are 
every  day  felling  on  the  surface  of  the  glaciers^  and 
are  carried  down  into  the  valleys :  their  peculiar 
forms  are  derived  from  their  laminated  structure^ 
which  disposes  them  to  split  in  a  vertical  direction*. 


*  Plate  2.  fig.  9.  represents  the  general  position  of  the  heds 
near  the  Col  de  Balme,  and  Mont  Bianc;  aaa  altemaUng  beds 
ef  sandstone  and  limestone  ;  bb  elevated  beds  of  puddiagstone, 
containing  rounded  stones  and  fragments  of  the  lower  rocks ;  cc 
soft  slate,  in  which  a  passage  or  Col  is  formed ;  ddd  vertical 
granitic  beds  rising  in  pyramidal  forms,  called  Aiguilles  or 
Needles, 
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CHAPTER  V. 

ON   ROCKS   GENERALLY    DENOMINATED   PRI- 
MARY. 

Classification  of  Primary  Rocks. — Granite ;  its  constituent  Mine- 
rals.— Varieties  of  Granite. — Structure  of  Granitic  Rocks. — 
General  Appearance  of  Granitic  Mountains. — Granitic  Ai. 
gtiilles. — ^Structure  of  Mont  Blanc. — Principal  Localities  of 
Grfanitc.-^^ituatiofM  io  England  where  Granite  is  fonnd. — 
Granite  Y^ins. — On  what  has  been  depoasnated  Seeoadary 

.  Granite. — On  the  Passage  of  Granite  into  Felspar«porphjry 
and  Sienite. — Minerals  that  occur  in  Granite ;  Uses  to  which 
it  is  applied. 

IP  any  rocks  can  with  propriety  be  denominated 
Primary  or  Primitive,  they  are  those  which  are  most 
widely  spread  over  the  globe  in  the  lowest  relative 
situation^  and  which  contain  no  remains  of  organic 
existence.  Primary  rocks  are  supposed  by  Geolo- 
gists to  constitute  the  foundation  on  which  rocks  of 
alt  the  other  classes  are  laid;  and  if  we  take  an  en- 
larged view  of  the  structure  of  the  globe,  we  may  ad- 
mit this  to  be  the  fact^-^but  the  admission  requires 
certain  limitations.  The  same  causes  that  have 
produced  granite  and  the  other  primary  rocks  in 
immense  masses  below  all  other  rocks,  have  in  some 
situations  reproduced  them  in  smaller  masses,  co- 
vering rocks  belonging  to  the  Transition  or  Secon- 
dary Classes.  No  systems  of  classification  can  be 
made  so  definite  in  the  mineral  kingdom,  as  those 
which  relate  to  organic  beings  in  the  vegetable  or 
animal  kingdoms.  It  will  however  be  convenient 
to  retain  the  term  Pi imary  Rocks,  when  treating  of 
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those  rocks  which^  according  to  the  present  state  of 
knowledge^  are  the  foundation  rocks  of  every  coun- 
try^ although  some  of  these  rocks  may  occasionally 
make  their  appearance  in  the  upper  formations. 

Primary  rocks  are  chiefly  composed  of  the  hard 
minerals^  quartz^  felspar^  and  hornblende  ;  the  mi- 
nerals^ mica  and  talc^  are  disseminated  in  smaller 
proportions^  and  limestone  and  serpentine  occur  in 
beds  or  masses,  but  less  frequently  than  the  above- 
named  minerals.  If  we  refer  the  slate  rocks  to  the 
Transition  Class,  the  few  simple  minerals  here  enu- 
merated constitute  nearly  the  whole  of  the  moun- 
tains denominated  Primary. 

The  structure  of  primary  rocks  is  crystalline;  they 
form  the  central  parts  of  the  most  elevated  moun- 
tain chains,  and  they  occur  at  the  lowest  depths 
that  have  yet  been  explored,  and  are  hence  believed 
to  be  the  most  ancient  of  rock  formations. 

Werner  has  enumerated  fourteen  primary  rocks  : 
but  as  some  of  these  have  only  been  found  hitherto 
in  one  place,  it  appears  improper  to  consider  them 
as  distinct  orders,  unless  we  arrange  every  variety 
of  rock  in  the  same  manner,  and  increase  the  num- 
ber of  orders  indefinitely*. 

*  The  system  of  classification  introdaced  bj  Werner,  was 
formed  principally  from  observations  made  in  Saxony,  and  had 
great  merit,  as  illustrating  the  geology  of  that  part  of  Germany : 
but  it  has  been  objected  with  much  reason  to  the  general  adop. 
tion  of  the  terms  he  employs,  that  they  were  framed  to  suit  a 
particular  theory,  before  a  sufficient  number  of  facts  had  been 
collected  to  warrant  its  reception.  Subsequent  discoveries  have 
also  proved,  that  the  different  classes  into  which  Werner  has 
divided  rocks,  have  not  the  marked  and  definite  characters  ne- 
cessary to  constitute  a  natural  system  of  arrangement. 
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The  following  arrangement  of  Primary  Rocks 
will,  I  trust,  be  found  both  simple  and  intelligible, 
and  as  conformable  to  nature  as  the  present  state  of 
our  information  will  admit.  It  includes  only  three 
principal  rocks  as  primary;  granite,  with  gneiss  and 
mica  slate,  which  are  nearly  allied  to  granite,  and 
form  an  incrustation  over  it :  these  never  contain 
organic  remains,  and  they  have  rarely  been  ob- 
served lying  over  other  rocks  in  which  such  remains 

are  found. 

Class  I. 

Principal  Rocks  denominated  Primary. 

1 .  Granite,  comprising  all  the  varieties  of  this 
rock,  and  small-grained  granite  passing  into 
porphyry.  Eurite  of  the  French  Geologists, 
primitive  porphyry,  of  the  Germans. 

S.  Gneiss  or  Slaty  Granite. 

3.  Mica  Sbte. 

Subordinate  Rocks  which  occur  among  Primary. 
Hornblende  Rock. 
Serpentine. 
Crystalline  Limestone. 
Quartz  Rock. 
Some  of  these  subordinate  rocks  occur  also  among 
rocks  of  the  Transition  Class  *. 


*  Since  the  publication  of  the  first  edition  of  this  work, 
M.  Brongniart,  a  celebrated  French  mineralogist,  has  proposed 
an  arrangement  in  many  respects  similar  to  what  I  had  adopted. 
The  characters  of  Brongniart's  first  class  agree  with  those  I  had 
before  given  in  this  work.  ^^  La  premiere  classe  renfermerait 
les  terrains  dans  lesquelles  on  n'a  encore  decouvert  aucun  debris 
de  corps  organises  dont  la  structure  est  crystallisee,  et  dans  la 
composition  desquelles  les  roches  granitiques  proprement  dites 
sont  dominantes."— Joarnfl/  des  Minesy  Mai  1814. 
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The  three  principal  rocks  of  the  Primary  Ciass^ 
-^gianitej  gneiss,  and  mica  slate^ — ^might  with  pro- 
jNriety  be  regarded  as  belonging  to  one  formation. 
They  are  essentially  composed  of  the  same  mine- 
rals varying  in  different  proportions,  and  are  rather 
modes  of  the  same  rock,  than  different  species. 
They  pass  by  gradaticm  into  each  other,  as  one  or 
other  of  their  constituent  nlinerals  become  more  or 
less  abundant ;  they  alternate  with  each  other  in 
various  situations,  and  may  be  regarded  as  cotem^ 
poraneous.  It  may,  however,  for  the  convenience 
of  description,  be  proper  to  treat  of  each  separately. 

Rocks  of  the  Firat  Clw^. 

Granite  is  considered  as  the  foundation  rock  on 
which  slate  rocks  and  all  secondary  rocks  are  laid. 
From  its  great  relative  depth,  granite  is  not  fre- 
quently met  with,  except  in  alpine  situations,  where 
it  appears  to  have  been  forced  through  the  more 
superficial  covering  of  the  globe.  Where  granite 
rises  above  the  surface,  the  beds  of  other  rocks  in 
the  same  district  generally  rise  towards  it,  and  their 
angles  of  elevation  increase  as  they  approach  nearer 
to  it.  Some  writers  derive  the  name  from  geranites, 
a  word  used  by  Pliny  to  denote  a  particular  kind 
of  stone;  others,  with  more  probability,  suppose  that 
the  name  originated  from  its  granular  structure,  or 
the  grains  of  which  it  is  composed.  Granite  is 
composed  of  the  three  minerals  described  in  the 
third  chapter, — quartz,  felspar,  and  mica;  which  are 
more  or  less  perfectly  crystallized,  anddosely  united 
together. 

The  three  minerals  of  which  granite  is  composed 
vary  much  in  their  proportions  in  different  granitic 
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rocks ;  and  often  in  spedmens  from  the  same  rock 
the  crystak  are  large^  or  small,  or  equally  inter* 
mixed,  in  one  part,  and  in  another  part  quartz  or 
febpar  greatly  predominates.  Some  granites  are 
composed  of  small  grains,  and  have  large  crystals  of 
felspar  interspersed ;  these  are  denominated  Por- 
phyritic  Granites.  Stones  of  this  kind  are  common 
in  the  foot^pavements  of  London  *. 

Felspar  in  general  constitutes  by  fkr  the  largest 
part  of  granite:  the  more  common  colours  are 
white  and  red ;  it  is  sometimes  in  a  soit  or  decom* 
posing  state,  and  appears  euthy.  In  some  granites 
the  crystals  of  fekpar  are  distinctly  formed.  Quartz 
generally  occurs  in  small  irregular-shaped  grains, 
which  have  a  vitreous  lustre.  The  mica  in  granite 
occurs  most  commonly  in  small  shining  scales,  which 
are  most  frequently  either  black,  or  whitish  and 
silvery.  It  sometimes  occurs  in  large  hexagonal 
plates,  but  this  is  more  commonly  the  case  in  the 
granite  that  forms  veins  in  granitic  mountains;  such 
veins  with  large  plates  of  mica  are  frequent  near 
Aberdeen  in  Scotland.  Mica  readily  separates  or 
divides  into  thin  transparent  laminss ;  and  where  the 
plates  are  very  large,  as  in  the  Siberian  granite,  it 

*  Spedmens  of  Cornish  and  Scotch  granites  are  not  diflkuU 
to  procure  in  London,  as  they  are  commonly  used  for  paving- 
stones.  In  the  former  the  felspar  is  white ;  the  mica  appears 
like  glistening  scales  which  have  a  tarnished  semi-metallic  lustre. 
The  quartz  has  a  vitreous  appearance,  and  is  of  a  light  graj  co- 
lour. In  Scotch  granite  the  felspar  has  more  commoslj  a  red^* 
diih  brown  eoloar.  The  mica  is  not  unfrequently  Mack  and 
splendent,  and  may  he  divided  into  thin  scales  l^  the  point  of  a 
penki)^fe :  this  distinguishes  it  from  hornblende,  which  is  some- 
times intermixed  with  tliis  granite. 
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18  used  instead  of  glass  for  windows.  This  variety  is 
improperly  called  Muscovy  Talc.  Talc  resembles 
mica^  but  is  much  softer.  When  the  grains  of 
felspar  and  other  minerals  are  very  minute  in  gra- 
nite^ it  can  scarcely  be  distinguished  from  sand- 
stone. 

Beside  the  three  minerals^  quart^^  felspar  and 
mica,  which  were  formerly  considered  as  the  es- 
sential constituent  parts  of  all  true  granite,  whoever 
has  attentively  examined  various  granitic  districts, 
must  have  frequently  observed,  that  other  minerals 
occupy  the  place  of  mica  either  in  part  or  entirely. 
Thus  near  the  summit  of  Mont  Blanc,  the  granite 
is  composed  of  felspar,  quartz,  and  talc  or  chlo- 
rite, the  latter  mineral  supplying  the  place  of  mica. 
To  this  variety  of  granite  the  name  of  Protogine 
has  improperly  been  given ;  whereas  Talcy  or 
C/doritic  Granite  would  at  once  convey  a  distinct 
idea  of  its  nature.  In  some  instances,  hornblende 
supplies  the  place  of  mica,  or  is  intermixed  with  it. 
Td'tbis  rock  the  name  of  Sienite  was  given,  be* 
cause  a  granitic  rock  of  this  kind  from  Sienna  in 
Upper  Egypt,  was  much  used  by  the  ancients  for 
obelisks. 

The  following  varieties  of  granitic  rocks  are 
often  associated  with  common  granite  in  the  same 
mountain  mass,  and  may  be  regarded  as  cotempo- 
raneous  with  it,  being  essentially  the  same  rock, 
accidentally  modified  by  an  admixture  with  other 
simple  minerals. 

Common  Granite.^The  felspar  white  or  red, 
composed  of  quartz,  felspar  and  mica. 

Porphyritic  GranitCy  in  which  large  crystals  of 
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felpar  occar  in  a  gHiall-grained  granite.  The  granite 
from  a  mountain  near  Shap  in  Westmoreland  offers 
an  exceUent  type  of  this. 

Sienite  or  Sienitic  Granite,  in  which  horn- 
blende, either  wholly  or  in  part,  supplies  the  place 
of  mica.  The  granite  of  Malvern  and  the  Cham- 
wood  Forest  bills  afford  specimens  of  this  granite. 

Talcy  or  Chhritic  Granite. — Quartz^  felspar^  and 
talc  or  chlorite.  Many  of  the  granitic  mountains 
in  Savoy  are  composed  of  this  granite ;  and  loose 
blocks  of  it  are  scattered  over  the  valleys  and  on  the 
sides  and  summits  of  the  calcareous  mountains  in  the 
countries  to  the  north  and  north-west  of  the  Alps* 
This  granite  is  by  some  writers  called  Protogine. 

Felspathie  Granite,  in  which  the  felspar  is  the 
principal  ingredient,  and  the  quartz,  andparticulariy 
the  mica,  very  rare;  larger  crystals  of  felspar  occur 
in  it.  It  is  frequently  nearly  white.  To  this  vari- 
ety Werner  has  given  the  name  of  White  Stone, — 
and  the  French,  Eurite.  It  occurs  in  beds  in  com- 
mon granite  in  Cornwall.  In  its  most  compact 
form,  it  becomes  a  porphyry,  and  is  closely  allied 
to  volcanic  rocks  in  Auvergne. 

Granite  occurs  in  masses  of  vast  thickness,  which 
are  commonly  divided  by  fissures  into  blocks  that 
approach  to  rhomboidal  or  pretty  regular  polyhe- 
dral forms.  Sometimes  a  columnar  structure  may 
be  observed  in  granitic  mountains ;  in  other  in- 
stances, where  the  quantity  of  mica  is  considerable^ 
granite  divides  into  parallel  layers  or  plates,  that 
have  been  mistaken  for  strata.  Granite  is  occa- 
sionally found  in  globular  masses,  which  are  com- 
posed of  concentric  spherical  layers,  separated  by 
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granite  of  a  less  compact  kiQd^  and  indoung>  a  hard 
or  central  nucleus.  These  glohnkr  masses  are 
often  three  or  four  yards  or  more  in  difeimeter^  and 
are  either  detached  <Mr  imbedded  in  granite  of  a 
softer  kind ;  this  structure  is  not  peculiar  to  grar 
nite. 

The  aspect  of  granitic  mountains  is  extremely 
various :  where  the  beds  are  nearly  horieontal^  or 
ivhere  the  granite  is  soft  and  disintegrating,  the 
summits  are  rounded^  heavy^  and  unpicturesque. 
Where  hard  and  soft  granite  are  intermixed  in  the 
same  mountain^  the  softer  granite  is  disintegrated 
and  falls  away^  and  the  harder  blocks  remain  piled 
in  confusion  on  each  other^  like  an  immense  mass 
of  ruins.  Where  the  granite  is  hard^  and  the  beds 
are  nearly  vertical  and  have  a  laminar  structure^  it 
forms  lofty  pyramidal  peaks  or  aiguilles^  that  rise  in 
enormous  spires  ;  such  are  the  aiguilles  in  the  vi- 
cinity of  Mont  Blanc^  which  are  far  more  interest- 
ing^ both  to  the  picturesque  traveller  or  the  Geolo- 
gist^ than  Mont  Blanc  itself.  The  Aiguille  de  Dm 
is  perhaps  the  most  remarkable  granitic  mountain 
at  present  known ;  the  upper  part  or  spire  rises 
above  its  base  nearly  to  a  point  in  one  solid  shaft 
more  than  four  thousand  feet ;  the  summit  is  eleven 
thousand  feet  above  the  level  of  the  sea*. 

It  has  been  observed  in  so  many  situations^  that 
it  may  perhaps  be  regarded  as  a  general  law^ — 
wherever  granite  rises  high  above  the  surface  of 
the  earthy  the  strata  of  limestone  or  other  rocks  in 


*  A  short  description  of  this  moantain,  with  a  plate^  is  given 
in  the  ^  volume  of  ^^  Travels''  by  the  Author. 
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its  vicuiHy  rise  towards  it.  Numefous  instances  of 
thiB  occur  in  the  Swiss  Alps.  In  the  higher  part 
of  the  yalley  of  Laqterbrun  in  the  Canton  et  Beme^ 
I  have  seen  a  bed  of  limestone  in  immediate  junc- 
tion with  granite  in  a  perfectly  vertical  position^ 
like  a  wall  built  up  against  it. 

In  many  of  the  highest  mountains  in  the  northern 
or  Swiss  Alps^  granite  is  only  seen  near  their  bases ; 
the  summits  are  composed  of  immense  beds  of  Uroe- 
stone  and  secondary  stratified  rocks.  In  the  south* 
em  chain^  or  the  Savoy  Alps^  the  hi^est  summits 
are  granite;  indeed  the  highest  known  point  at 
which  granite  has  been  observed  in  any  part  of  the 
world  is  Mont  Bhnc  in  Savoy^  the  loftiest  moun- 
tain in  Earope^  rising  fifteen  thousand  six  hundred 
and  eighty  feet  above  the  levd  of  the  sea^  or  nearly 
five  times  higher  than  any  mountain  in  England  or 
Wales.  It  was  first  ascended  by  Doctor  Pacard  in 
1786^  and  afterwards  by  Saussure^  who  has  pub^ 
iished  a  very  interesting  account  of  his  ascent.  Se* 
veral  persons  have  since  ascended  this  mountain^ 
but  Saussure  is  the  only  traveller  who  has  given  us 
any  information  respecting  its  structure.  I  sh^ 
therefore  insert  a  brief  account  of  his  observations; 
they  are  highly  interesting.— >He  set  out  from  the 
priory  of  CShamouni^  from  whence  the  distance  to 
the  summit  of  the  mountain  in  a  direct  line  is  not 
more  than  two  French  leagues  and  a  quarter :  but 
owing  to  the  difficulty  of  the  ascent^  it  requires 
eighteen  hours  continued  labour^  exclusively  of  the 
time  necessary  for  repose  and  refreshment.  The 
first  day's  journey  was  comparatively  easy^  the  route 
being  over  soil  covered  with  Vegetation;  or  bare 
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rocks.  The  ascent  on  the  second  day  was  over 
snow  and  ice^  and  more  difficult :  at  four  o'clock  in 
the  afternoon  of  the  same  day^  Saussure  and  his 
attendants  pitched  their  tent  on  the  second  of  the 
three  great  plains  of  snow  which  they  had  to  tra- 
verse* Here  they  passed  the  nighty  fourteen  hun- 
dred and  fifty-five  toises  (or  three  thousand  one 
hundred  yards)  above  the  level  of  the  sea^  and  ninety 
toises  higher  than  the  Peak  of  Tenerifie.  The 
barometer  stood  at  seventeen  inches.  The  next 
morning  they  proceeded  with  much  difficulty  and 
fatigue^  arising  principally  from  the  extreme  rarity 
of  the  atmosphere^  which  affected  their  respiration. 
The  upper  parts  of  Mont  Bknc  are  above  the  li- 
mits of  perpetual  snow^  and  it  is  only  on  the  sides 
of  the  nearly  perpendicular  peaks  and  escarpments 
that  the  bare  rock  is  visible.  They  gained  the 
summit  by  eleven  o'clock  A.M.  ''From  this  ele- 
vated observatory,''  says  Saussure, ''  I  could  take  in 
at  one  view,  without  changing  my  place,  the  whole 
of  the  grand  phaenomenon  of  these  mountains; 
namely,  the  position  and  arrangement  of  the  beds 
of  which  they  are  composed.  Wherever  I  turned 
my  eyes,  the  beds  of  rock  in  the  chains  of  secondary 
mountains,  and  even  in  the  primary  mountains  of 
the  second  order,  rise  toward  Mont  Blanc  and  the 
lofty  summits  in  its  neighbourhood:  the  escarp- 
ments of  these  beds  of  rock  were  all  facing  Mont 
Blanc ;  but  beyond  these  chains  were  others  whose 
escarpments  were  turned  in  a  contrary  direction. 
Notwithstanding  the  irregularity  in  the  forms  and 
the  distribution  of  the  great  masses  that  surround 
Mont  Blanc,  and  those  which  constitute  the  moun- 
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tain  itself^  I  could  trace  some  features  of  resent* 
blance  not  less  certain  than  inip<Htant.  All  the 
masses  which  I  could  see  were  composed  of  vertical 
plates  (feuiUeta),  and  the  greater  part  of  these  plates 
were  ranged  in  the  same  direction,  from  north-east 
to  south-west.  I  had  particular  pleasure  in  ob- 
serving the  same  structure  in  the  lofty  peak  of  gra- 
nite called  the  Col  du  Midi,  which  I  had  formerly 
endeavoured,  but  in  vain,  to  approach,  being  pre- 
vented by  inaccessible  walls  of  granite.  After  the 
second  day's  ascent,  this  lofty  pinnacle  was  beneath 
me ;  and  I  fully  convinced  myself  that  it  is  entirely 
composed  of  magnificent  plates  {lames)  of  granite, 
perpendicular  to  the  horizon  and  ranging  from  east 
to  west.  I  had  formerly  been  induced  to  believe 
that  these  plates  were  folded  round  the  peak,  like 
the  leaves  of  an  artichoke ;  but  this  was  an  optical 
illusion,  when  seen  imperfectly  from  below :  here, 
where  the  eye  could  as  it  were  dart  down  into  the 
interior  structure  of  the  mountain,  the  plates  of  rock 
appeared  regularly  parallel  in  a  direct  line.  I  was 
also,"  says  Saussure,  '^  particularly  desirous  of  as- 
certaining whether  the  vertical  beds  were  composed 
of  the  same  substances  at  their  summits  as  at  their 
bases,  where  I  had  so  frequently  inspected  them  ; 
and  I  am  perfectly  satisfied  from  actual  examina- 
tion, that  they  preserve  the  same  nature  through 
their  whole  extent,  and  are  the  same  at  the  summit 
as  below*/'     Voyages  dans  Us  Alpes,  tom.  4. 


*  The  extreme  fatigue  and  exhaustion  which  Saassnre  expe. 
rienced  daring  the  ascent  of  Mont  Blanc^  is  supposed  to  have 
abridged  the  life  of  this  active  and  intelligent  philosopher. 
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The  inference  drawn  by  Saussure^  respecting  the 
vertical  poslition  of  the  beds  of  granite  that  compose 
a  principal  part  of  Mont  Bknc  and  the  adjoining 
BMuntains^  is^  that  they  were  originally  horizontal^ 
and  haye  been  snbseqnently  derated  by  some  tre- 
mendous Goovalsion  of  nature.  The  summit  of 
Mont  Bianc^  he  says^  must  ait  one  time  have  been 
more  than  two  leagues  under  the  surface.  To  the 
same  convulsion  he  also  attributes  the  position  of 
tiie  escarpments  or  steep  sides  of  the  rocks  which 
face  Mont  Blanc  for  a  considerable  extent^  and 
then  turn  from  it  in  an  opposite  direction.  This 
would  be  the  case  had  the  surface  of  the  globe  been 
broken  and  elevated  in  the  niaiiner  he  supposes. 
There  is  a  ctrcumstaiioe  stated  by  Saussure^  which 
tends  strongly  to  cotifirm^  if  not  absolutely  to  prove, 
the  tratJi  of  his  hypothesis.  Some  of  the  vertical 
beds  of  rock  adjacent  to  the  granite^  contain  round 
pebble^  boulders^  andwaterworh  pieces  of  the  lower 
rocks.  See  observations  on  these  beds^  Chap.  IV. 
It  is  impossible  (o  conceive  that  those  rounded 
fragments  could  have  been  placed  in  a  vertical  po- 
sition ;  for^  if  they  be  really  pebblies  and  boulders^ 
the  b^ds  OR  wbich  they  occur^  must  originally  have 
been  neaiiy  horizontal.  Now  as  these  beds  are  at 
present  placed  between  others  which  are  also  irev- 
tical  and  in  the  same  range^  it  follows  that  the 
whole  have  been  overtomed  and  thrown  up^  at  a 
period  subgequent  to  their  formation*. 

*  An  opinion  has  lately  been  advanced,  that  the  rounded 
pebbles  yr\nch  occur  in  rocks  Bxe  not  reallj  waterwom  frag. 
ments,  but  original  parts  of  the  rock  :  but  San^sure  says  ex. 
pressly,  that  the  boulders  in  the  rocks  near  Mont  Blanc  are 
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The  Himmaleh  Mountains  in  the  centre  of  Asia 
rise  ten  thousand  feet  higlmr  than  any  inountaiils 
in  the  Alps ;  but  where  their  summits  are  uncovered 
by  snow^  they  are  believed  to  be  composed  of  se* 
condary  strata. 

Many  of  the  mountains  in  the  extensive  range  of 
the  Andes  in  South  America  aiso  rise  much  higher 
than  Mont  Blanc ;  but  granite  has  not  been  £3und 
there  in  a  greater  elevation  than  eleven  thousand 
five  hundred  feet^  an  elevation  exceeded  by  many 
of  the  granite  mountains  in  Europe*  The  range  of 
the  Andes  is  the  seat  of  active  volcanic  fires^  whidi 
appear  to  have  covered  the  primary  ihountainswith 
an  immense  mass  of  matter^  gected  by  ancient  and 
recent  eruptions.  In  Mexico  and  New  Spain  also^ 
the  granite  iqppears  to  be  nearly  covered  by  basalt^ 
porphyry^  and  lava^  ejected  from  the  numerous 
volcanoes  which  now  exist,  or  have  existed^  in  those 
countries. 

To  this  accuDwlation  of  volcanic  matter  the 
mountains  in  South  America  owe  their  superior 
elevation.  Ghisnborasao  and  Gayambo  are  the 
highest  HUMttitaiM  in  the  worlds — the  former  rises 
twenty *one  thousand  four  hundred  and  forty  feet^*~ 
but  their  summits  are  vast  cones  composed  of  vol* 
canic  productions  covered  with  snow.  Chimborasso 
is  one  mile  and  one  hundred  and  sixty  yards  higher 

'  ■  '■  '  ■    I     '  '  '   ■  ■     ■  ^ II'  III  ■  111  ■  ■       I  -       I    H   ■   .„ 

prectaely  dimlsr  to  the  boiilden  on  the  sborei  of  the.  lake  ef 
Geneva.  That  rocks  sometimeB  include  pieces  of  different  kinds 
of  stone,  which  in  fact  are  original  parts  of  the  rock,  cannot  he 
doubted ;  but  in  such  cases  there  appears  a  gradual  transition, 
from  the  substance  of  the  rock,  into  the  stone wMch  appears  im- 
bedded. 
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than  Mont  Blanc.  The  general  arrangement  of 
the  Andes  consists^  according  to  Humboldt^  of  gra- 
nite^ gneiaa^  mica^  and  clay  slate^  as  in  the  Alps  ; 
but  on  these  are  frequently  laid  porphyry  and  ba- 
salt^ '^  arranged  in  the  form  of  regular  and  immense 
columns^  which  strike  the  eye  of  the  traveller  like 
the  ruins  of  enormous  castles  lifted  into  the  sky/' 

In  the  eastern  parts  of  the  United  States^  and  in 
Canada^  granite  is  seen  near  the  surSace  uncovered 
by  other  rocks^  and  does  not  rise  to  any  great  ele- 
vation. The  constant  occurrence  of  granite  at  a 
lower  level  in  America  than  in  Europe^  is  a  re- 
markable geological  fact.  In  Europe  the  central  * 
part  of  the  principal  mountain  ranges  are  granite ; 
as  in  Scandinavia^  the  Alps^  the  Pyrenees^  and  the 
Carpathian  mountains.  In  Asia^  granite  forms  a 
considerable  part  of  the  Uralian  and  Altaic  range 
of  mountains^  and  it  appears  to  compose  the  prin- 
cipal mountains  that  have  been  examined  in  Africa. 

The  parts  of  England  and  Wales  where  gpranite 
and  granitic  rocks  occur,  are  Cornwall,  Devonshire^ 
North  Wales,  Anglesea,  the  Malvern  Hills  in  Wor- 
cestershire, Charnwood  Forest  in  Leicestershire, 
and  in  Cumberland  and  Westmoreland.  The  gra- 
nite near  Shap  in  Westmoreland  is  porphyritic, 
containing  large  crystals  of  red  felspar.  There  are 
rolled  masses  of  granite  on  the  banks  of  Ulswater 
resembling  the  granite  of  some  parts  of  Cornwall, 
and  of  the Wicklow  Mountains  in  Ireland,  but  more 
highly  crystalline  than  the  latter.  The  felspar  is  in 
large  white  and  reddish-white  crystals.  The  mica 
is  a  blackish  green,  and  on  the  outer  parts  decom- 
posed.    There  is  no  similar  rock  in  the  vicinity 
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known  in  9itu.  It  has  all  the  characters  given  by 
niin«raloig;ttt8  to  primary  granite*.  I  am  inclined 
to  believe  that  the  same  formation  of  granite  which 
jij»t  makes  its  appearance  on  the  western  side  of 
South  Britain  is  continued  under  the  Irish  Channel; 
or  if  brokep  there^  it  rises  again  in  the  Isle  of  Man^ 
and  in  the  counties  of  Dublin  and  Wicklow  in  Ire- 
land. Blocks  of  granite  are  found  in  the  beds  of 
.some  of  the  rivers  in  the  north-west  part  of  York- 
shire^ and  in  clay-pits  in  Lancashire  and  Cheshire^ 
at  a  great  distance  from  any  granite  mountains. 
Most  of  the  granitic  rocks  on  Chamwood  Forest  are 
^>f  that  kind  denominated  sienitef. 

Granite  sometimes  forms  veins  shooting  up  into 
the  superincumbent  rocks.  This  is  a  fact  of  some 
geological  importance^  as  it  seems  to  indicate^  either 
that  the  granite  has  been  in  a  state  of  fusion^  the 
heat  of  which  has  softened  and  rent  the  upper  rocks, 
and  forced  up  the  granite  in  a  melted  slate  into  these 
fissures ;  or  else  that  the  granite  and  the  rocks  rest- 
ing immediately  upon  it^  were  both  in  a  fluid  state 
at  the  same  time,  and  are  cotemporaneous.  A  re- 
markable instance  of  granitic  veins  in  argillaceous 

*  Since  the  publication  of  the  former  editions  of  this  work, 
granite  of  a  similar  kind  has  been  discovered  forming  the  base 
of  Skiddaw  and  other  mountains  in  Cumberland. 

f  According  to  Brongniart,  granite,  sienite,  and  porphyry, 
are  frequently  observed  graduating  into  each  other  in  some  parts 
of  France  ;*  and  he  forms  this  conclusion :  ^^  En  ^tndiant  les 
granites  d'nn  grand  nombre  de  pays  pour  tacher  de  distinguer 
dairement  les  anciens  granites  des  nouveaux,  on  trouve  presque 
pen  de  pays  granitiques  qu'on  puisse  rapporter  avec  certitude  i 
cette  ancienne  et  primitive  formation  des  granites."  Journal 
dei  Mines,  Mart  1814. 
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scbistus  at  Mouschole  in  Cornwall^  is  described  in 
Dr.  Thomson's  Annals  of  Philosophy^  May  1814. 
'^  The  schistus  is  of  a  grayish  colour^  rather  bard^ 
but  breaiks  in  largis  fragments  in  the  direction  of 
the  strata.  The  granite  is  of  a  fine  grain^  and  the 
felspar  is  of  a  light  flesh  colour^  and  coqitains  but  Ji 
smaJl  portion  of  mica.  At  the  junction  numerous 
veins  of  granite  may  be  traced  iVom  the  rock  of  gra- 
nite into  the  schist.  .  Some  of  these  veins  may  be 
observed  upwards  of  fifty  yards^  till  they  are  lost  in 
the  sea ;  and  in  point  of  size^  vary  from  a  foot  and 
a  half  to  less  than  an  inch.  It  may  deserve  notice^ 
that^  as  the  felspar  is  of  a  flesh  colour^  it  is  impos-* 
sible  for  any  observer  to  consider  them  as  quartz 
veins :  one  of  these  large  veins  is  dislocated^  and 
heaved  several  feet  by  a  cross  course.  Quartz  and 
firagments  of  schistus  having  the  appearance  of  veins 
are  found  in  the  granite  veins.  At  one  place  there  is 
a  very  curious  and  satisfactory  phcenomenon.  One 
of  these  veins  of  granite^  after  proceeding  vertically 
some  distance^  suddenly  forms  an  angle  and  con* 
tinues  in  a  direction  nearly  horizontal  for  several 
feet^  with  schistus  both  above  and  below  it.  This 
appearance  most  completely  destroys  one  of  the 
theories  suggested  for  the  explanation  of  similar 
veins  at  St.  Michael's  Mount,  viz.  that  a  ridge  of 
projecting  granite  had  been  left^  and  schistus  de- 
posited afterwards  on  its  sides.'' 

In  1816  I  visited  the  place,  which  is  clote  by  the 
sea  side,  at  low  water,  and  observed  some  appear- 
ances.which  I  believe  have  not  hitherto  been  noticed. 
The  junction  of  the  granite  rock  and  the  schist  may 
be  distinctly  seen :  they  form  together  a  sloping 
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beach  uncovered  by  any  fragments:  the  line  of 
junction  is  waving  froml  the  coast  into  the  sea^  as  re^ 
presentedPlateS.fig.3.  c.theGranite^  s. the  Schist. 
'  h  is  tnfy  worthy  of  notice^  that  the  veins  of  gra- 
nite may  be  distinctly  seen  penetrating  both  the 
schist  and  the  granite ;  fbr  the  granite  in  the  veins 
is  finer-grained  than  the  granite  rock^  and  may  as 
easfiy  be  distingabhed  iiiom  it  in  the  granite^  as  in 
the  schist.  The  grange  rock  itself  is  smallerrgrained 
near  th^  line  of  junction  of  the  two  rocks^  than  it 
is  a  little  distance  from  it^  where  it  contains  larg<$ 
white  crystals  of  felspar  in  a  smaller-grained  reddish 
'granite.  What  is  ^rther  remarkable^  the  largest 
granite  vein  in  passing  into  the  schist^  cuts  through 
a  vein  of  quartz  thicker  than  itself;  and  a  few  yards 
nearer  the  sea^  a  small  quartz  vein  cuts  through  the 
same  granite  vein :  see  Plate  9.  fig.  S .  What  is  called* 
the  schist  or  killas  in  Cornwall^  in  the  places  where 
I  have  observed  it  in  immediate  junction  with  ^rh^ 
nite^  is  highly  indurated  knd  of  a  dark  colour^  arid 
appears  to  have  been  changed  by  the  junction:  it 
has  no  appearance  of  slate; — indeed  the  change  in 
the  sis^e  of  the  grain  of  granite,  as  the  latter  ap-» 
proaches  the  killas  atMbuschble^  WOtild  mdicatethat 
the  two  rocks  were  passing  into  eadh  6ther.  Per- 
faajps  the  best  designation  of  the  killas  rock  on  this 
Situation  is, -that  of  a  minutely  grained  and  highly  ih-^ 
durated' gneiss,  that  had  loM  its  schistose^chairacter: 
Gi^ffite  veins  of  large  size  traverse  granite  rock^ 
in  the  vicinity  of  Aberdeen :  in  these  veins  both  th^ 
felspar  and  mica  occur  In  crystalline  plates  ariil  la- 
minae of  considerable  magnitude,  accompainied  with 
tourmaSne.  AtOlentil  in  Scotland,  a  singular  inte)*- 

h2 
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mixture  of  granite  in  veins  and  amorphous  masses 
occurs  with  slate  and  limestone^  and  has  been  de* 
scribed  by  Dr.  MacCuUoch  in  the  Geological  Trans- 
actions^ vol.  1.  page  145.  It  seems  impossible  to 
conceive  how  masses  of  granite  could  be  intermixed 
with^  or  imbedded  in  limestone^  without  admitting 
that  the  two  substances  have  been  both  in  a  fluid 
or  semi-fluid  state  at  the  same  time^  by  whatever 
cause  we  may  suppose  this  fluidity  to  have  been 
effected.  Such  instances  may  make  us  feel  less 
surprised  at  meeting  with  entire  beds  of  granite  in 
other  rocks. 

Some  geologists  describe  the  granite  under  gneiss' 
and  the  granite  over  gneiss  as  different  formations ; 
but  as  gneiss  is  itself  a  schistose  granite^  it  would  be 
more  correct  to  state^  that  the  massive  and  schistose 
.granite  sometimes  occur  alternating  with  each  other. 
When  the  mica  becomes  abundant^  the  granite  passes 
to  the  state  of  gneiss ;  when  the  felspar  and  quartz 
predominate^  it  becomes  again  massive  or  common 
granite. 

What  has  been  said  respecting  the  alternation  of 
gneiss  and  granite^  will  apply  to  the  alternation  of 
granite  and  mica-slate.  In  the  latter^  the  felspar  is 
wanting;  but  if  it  reappear^  it  becomes  either  gra* 
nite  or  gneiss.  Mica-slate  also  passes  by  such  in- 
sensible gradations  into  slate^  that  the  occasional 
occurrence  of  granite  in  some  ancient  slate-rocks 
may  admit  of  a  similar  explanation.  We  shall  thus 
sweep  away  the  secondary  granites,  which  have  so 
much  bewildered  the  systems  of  many  Geologists : 
indeed  nothing  can  appear  more  puerile  and  trifling, 
than  the  labour  of  making  distinctions,  where  Na* 
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ture  has  made  none.  Of  this  we  have  an  instance  in 
the  distinctive  characters  which .  have  been  ^ven 
of  primary  and  secondary  granite. 

Primarj  Granite.  Secondary  Granite. 

1 .  Sometimes  red.  1 .  Felspar  commonly  a  deep  red. 

3.  Contains  garnets.  2.  Contains  garnets. 

3.  Is  sometimes  porphyritic.      3.  Notporphyritic;  but  accord. 

ing  to  Professor  Jamieson 
is  sometimes  porpbyritic. 

Again^  M.  D'Aubuisson  teUs  us^  that  the  colour  of 
primary  granite  is  almost  always  white. 

What  has  been  advanced  may  be  sufficient  to 
prove  that  the  attempts  to  distinguish  primary  from 
secondary  granite  by  their  mineral  characters^  are 
worse  than  useless ;  as  they  waste  the  time  of  the 
learner,  and  tend  to  disgust  him  with  a  science  al- 
ready too  heavily  burdened  with  unmeaning  terms 
and  frivolous  distinctions. 

There  is  a  particular  form  of  granite,  in  which 
the  constituent  parts  are  so  minute  and  so  intimately 
mixed,  that  it  appears  very  minutely  granular  or 
even  compact :  to  this  variety  the  French  Geolo- 
gists have  given  the  name  ofEurite;  it  has  generally 
been  described  by  English  Geologists  as  Compact 
felspar,  into  which  it  passes  by  insensible  grada- 
tions. This  rock  frequently  contains  large  imbedded 
crystals  of  felspar,  and  forms  what  has  been  deno- 
minated felspar-porphyry.  In  Cornwall  it  occurs 
in  beds  in  common  granite ;  but  instead  of  being  re- 
gaided  as  a  different  rock,  it  may  be  more  properly 
classed  by  the  Geologist  with  granite,  being  only  a 
variety  in  which  felspar  greatly  predominates.  This 
rock  occurs  also  in  an  unconformable  position,  and 
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ia  g^enerally  described  as  porphyry^  and  appears  to 
form  a  connecting  link  between  common  gtanite 
and  the  compact  varieties  of  volcanic  porphyry,  with 
a  base  of  felspar  called  by  the  French  Trachyte. 
.  Sienitic  granite^  in  which  the  mica  is  partly  or 
entirely  replaced  by  hornblende^  in  some  situations 
occurs  with  common  granite  in  the  «^me  bed^  and 
therefore  must  be  regarded  as  a  variety  of  granite. 
Instances  of  this  change  from  granite  to  sienite  in 
the  same  rock^  I  have  frequently  observed  in  the 
granite  of  Charnwood  Forest.  The  same  change 
may  also  be  noticed  in  the  granite  of  the  Malvern 
HiUs.  That  able  and  accurate  observer  Dr.  Mac- 
CuUoch  maintains  the  identity  of  grianite  and  sienite^ 
from  their  frequent  passage  into  each  other  in  the 
same  rocks  in  Scotland.  When  the  hornblende  be- 
comes abundant  and*is  closely  intermixed  with  fel- 
spar^ it  forms  a  dark  finely  granular  rock,  which  has 
been  denominated  trap  or  greenstone :  it  nearly  re- 
sembles basalt.  In  the  Charnwood  Forest  hills,,  and 
at  Shap  in  Westmoreland,  well  defined  granite  may 
be  seen  passing  into  a  dark  coloured  trap-rock  near- 
ly compact.  I  have  even  broken  off  hand  specimeqs 
in  which  one  part  was  granite  and  the  other  trap, 
and  the  passage  from  one  to  the  other  might  be  di- 
stinctly observed. 

The  crystallized  earthy  minerals  which  occur 
most  frequently  in  granite,  are  schorl  or  tourma- 
line, and  pinite,  a  mineral  nearly  allied  to  mica, — 
the  emerald,  corindon,  axinite,  and  topaz,  are  also 
found  occasionally  in  granite.  Sometimes  the 
^urmaline  is  so  abundantly  disseminated,  as  to 
form  a  constituent  part  of  the  rock.     Pjinite  occurs 
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in  coDfiderable  quaatities  in  the  earthy  decompo- 
fdng  gmnites  of  Aurergne. 
.  Cooraioii  granite^  or  massive  ^nite^  contains 
few  beds  of  any  other  rock^  nor  is  it  rich  in  metal* 
lie  ores.  Tin  ore^  however^  chiefly  occurs  in  gra- 
nite^ either  in  veins  accompanying  quartz^  or  dis- 
seminated through  the  rock  at  a  distance  from  the 
veins.  .  Ores  of  other  metals^  as  copper^  iron^  wol- 
£tamj  bismuth^  and  silver^  are  also  occasionally  found 
in  granite. 

Granite  supplies  durable  materials  for  architec- 
ture; but  it  varies  much  in  hardness^  and  care  is 
required  in  its  selection.  I  was  told  when  in  Corn- 
wall^ that  granite  got  from  a  considerable  depth  in 
the  quarry  is  so  soft  when  it  is  first  raised^  tiiat  it 
can  be  easily  sawed  into  blocks^  but  it  soon  acquires 
great  hardness  by  exposure  to  the  air.  In  the.moun- 
tmns  of  Auvergne^  the  granite  is  ^tremely  soft^ 
and  the  felspar  appears  earthy  ;  this  is  probably  the 
original  state  of  the  stone.  I  believe  it  is  the  soft 
earth]^  granite  from  this  district  which  supplies  the 
Kaolin  used  in  the  Porcelain  manufacture  at  Sevres. 
Mons.  Brongniart^  who  obligingly  accompanied  me 
through  the  works^  dhowed  me  a  specimen  of  their 
best  kaolin :  it  contained  crystals  of  pinite.  I  had 
recently  arrived  from  Auvergne^  and  I  thought  I 
recognised  its  locality. 

Though  granite  may  be  regarded  as  the  lowest 
known  rock  formation^  yet  it  is  certain^  that  in 
many  countries  the  seat  of  volcanic  fire  is  placed 
below  granite.  In  Auvergne  and  a  large  part  of 
central  France^  the  foundation  rock  is  granite;  but 
it  has  been  pierced  through  by  numerous  ancient 
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volcanoes^  which  have  poured  currents  of  laya  over 
its  surface^  and  covered  other  parts  with  loose  scorisB 
and  black  volcanic  sand.  Some  of  the  currents  of 
lava  appear  as  fresh  as  the  recent  currents  from 
Etna  or  Vesuvius.  In  other  parts  of  Auverg^e  the 
granite  appears  to  have  been  acted  upon  by  sub- 
terranean fire  in  situ ;  and  in  some  mountains^  as 
in  the  Puy  de  Chopine  near  Riom^  granite  and 
volcanic  rocks  are  intermixed^  one  part  being  true 
granite  and  the  other  volcanic  porphyry^  (trachyte*.) 
The  volcanoes  have  long  been  dormant^  and  the 
only  remaining  proofs  of  the  existence  of  subterra^ 
nean  fires  under  that  district  are  the  hot  springs 
that  rise  in  the  vicinity  of  the  ancient  volcanoes. 
According  to  Humboldt^  in  the  Canary  Islands^  as 
well  as  in  the  And^s  of  Quito^  in  Greece^  and  va« 
rious  parts  of  the  worlds  subterranean  fires  have 
pierced  through  the  primary  rocks ;  and  he  adduces 
the  great  number  of  warm  springs  which  he  has 
seen  issuing  from  Granite^  Gneiss  and  Mica-slate^ 
as  a  proof  of  this  opinion.  Indeed^  in  the  ^ndes 
numerous  volcanoes  are  in  present  activity^  from 
Cape  Horn  to  Mexico^  and  it  is  probable  that  those 
mountains  owe  their  elevation  to  subterranean  fire  ; 
for  we  have  a  recent  instance  of  the  mighty  power 
of  this  agent  to  upheave  the  crust  of  the  globe. 
During  the  earthquake  in  Chili  in  November  1 8S2^ 
the  whole  line  of  coast  running  north  and  south  from 
Valparaiso^  to  the  distance  of  one  hundred  miles^  was 
raised  above  its  former  level ;  and  the  bottom  of  the 

*  See  <^  TraveU  in  the  Tarentaise  nud  AQver^e^"  vol.  ii. 
p.  367. 
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left  was  laid  dry^  and  shells  were  discovered  sticking 
to  the  rocks,  some  of  which  were  not  before  known 
in  those  seas.  It  is  stated  by  an  observer,  that  Uie 
whole  country,  from  the  coast  to  the  feet  of  the 
Andes  and  even  far  out  to  sea,  was  permanently 
raised  by  the  earthquake ;  the  greatest  rise  was 
about  two  miles  from  the  shore.  The  granite 
which  forms  the  foundation  rock  was  rent  in  parallel 
fissures.  The  earthquake  is  estimated  to  have  ex- 
tended over  an  area  of  one  hundred  thousand  miles. 
The  average  rise  of  the  land  upon  the  coast  was 
from  two  to  five  feet,  at  a  distance  of  a  mile  from 
the  shore  inland  the  elevation  was  seven  feet 

During  my  residence  in  Savoy  and  Switzerland 
in  the  years  1880,  -21,  and  -28, 1  was  desirous  to  as* 
certain  whether  there  were  any  vestiges  of  the  ac- 
tion of  subterranean  fires  in  the  Alps.  In  the  part 
of  the  great  southern  chain,  extending  from  near 
the  source  of  the  Rhone  to  the  Little  St.  Bernard^ 
there  does  not  occur  in  the  numerous  situations 
which  I  examined,  or  from  which  I  have  seen  spe- 
cimens, any  minerals  of  a  volcanic  character,  with 
the  doubtful  exception  of  some  rocks  in  the  valley 
of  Saass  and  in  the  Valorsine. 

Though  I  could  observe  no  indications  of  vol-^ 
canic  fire  in  the  rocks  themselves,  I  was  greatly 
surprised  with  a  circumstance  that,  as  far  as  I  know^ 
had  escaped  the  attention  of  geologists.  Along 
the  whole  line  of  Alps  before  mentioned,  which 
extends  for  one  hundred  and  twenty  miles,  nume*^ 
rous  hot  springs  are  gushing  out  at  the  feet  of  the 
primary  mountains  near  the  junction  of  the  lowest 
^condary  limestone,  with  schistose  rocks  passing 
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jilito  mica  and  talcous  slate.  It  was  known  that  a 
few  thermal  waters  existed  in  the  Valois  and  in 
Savoy ;  l])ut  they  were  regarded  as  isolated  pheno- 
mena^ and  their  geolog^ical  position  had  not  been 
attended  to.  Since  Saussure  yisited  the  AIps^  ther- 
mal waters  have  been  discovered  in  various  situa- 
tions; and  since  I  left  Savoy^  another  considerable 
Wkrm  spring  has  been  opened  in  the  vicinity  of  the 
village  of  Chamouni  near  the  foot  of  a  glacier. 

There  is  also  further  reason  to  believe  that  ther- 
Bud  waters  would  be  found  in  all  the  deep  valleys 
of  the  Alps  near  the  junction  of  the  primary  and 
secondary  rocks^  were  they  not  covert  by  ehoule^ 
ment9  under  heaps  of  loose  stones^  as  was  the  case 
with  the  warm  baths  in  the  valley  of  Bagnes  in  the 
BasValois ;  or  were  not  the  temperature  of  the  warm 
springs  reduced  by  admixture  with  torrents  from 
the  glaciers. 

, ,  In  vol.  i.  chap.  8.  of  my  ''Travels  in  Savoy/'  I  have 
described  the  geological  position  of  nine  of  the 
principal  known  thermal  waters  of  the  Alps ;  their 
temperature  variesfpotn  d4°  to  1S6°  Fahrenheit.  The 
quantity  of  water  which  issues  from  these  springs 
is  very  considerable^  and  the  thawing  of  the  bottom 
of  the  glaciers  during  intense  frosty  may  I  believe  be 
attributed  to  the  action  of  thermal  waters.  On  the 
Italian  side  of  the  same  range  of  Alps^  particularly 
^t  St.  Didider>  near  the  steep  southern  escarpment 
CKf  Mont  Blanc^  there  are  several  thermal  waters ; 
and  fiirther  west  than  the  hot  springs  at  Aix  in 
Savoy^  other  hot  springs  have  been  recently  disco* 
vered  near  Grenoble.  It  thus  seems  probable  that 
there  still  exists  under  this  range  of  the  Alps  one 
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common  source  of  heat^  to  the  agency  of  which 
in  remote  ages^  the  mountains  originally  owed  their 
elevation ;  for  we  can  scarcely  doubt  that  the  hot 
springs  in  the  AIps^  like  those  in  Auvergpie^  in  Italy^ 
or  Iceland^  derive  their  great  temperature  from  sub- 
terranean fire.  This  inference  is  farther  supported 
by  the  well  authenticated  fact^  that  the  districts  in 
which  the  hot  springs  are  situated^  have  been  sub- 
ject to  grec^t  find  frpquent  convulsions.  In  the  year 
1755  the  ground  in  the  vicinity  of  the  hot  springs 
of  Leuk  and  Naters^  in  the  Upper  Valois^  was  agi- 
tated with  earthquakes  every  day  from  the  1st  of 
November  to  the  27th  of  February.  Churches 
vrere  thrown  down^  the  springs  were  dried  up^  and 
the  waters  of  the  Rhone  were  observed. to  boil  in 
several  places.  The  mountain  above  the  warm 
spring  at  Naters  is  said  to  have  opened  and  dis* 
charged  a  qiuantity  of  hot  water. 

The  hot  springs  at  the  feet  of  the  Pyrenees  .may 
^cirive  their  temperature  froip  the  .same  source 'bs 
tbpse  on  thei  Pennine  Alps  ;  the  country  that  sepai- 
rates  the  Alps  and  the  Pyrenees  is  in  many  parts 
volqanic. 

,  What  has  .been  here  ftdvanced,  may  be  aiffident 
to  show  the  high  probability^  that  the  devation  of 
the  vertical  beds  in  the  Alps  bsis  been  effected  by 
subterranean  fire^ — an  Agent  which  we.hav^  direct 
pr<K)fh^  in  qur  pwn  .times ,  .^levated  conjsiderable 
portions  of  the  crust  of  the  globe;  and  it  were  con^ 
trary  to  thje  rules  of  sound  philcmophy  to  seek^  for 
ot^er  causes^,  ]than  those  which  are  now  existing, 
when  such  causes  are  adequate  to  the  productioii  of 
all  the  phsenomena  we  observe. 
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CHAPTER  VI. 

ON  GNEISS,  MICA.SLATE,  AND  THE  ROCKS 
WHICH  ARE  FREQUENTLY  ASSOCIATED  WITH 
THEM. 

On  tbe  Passage  of  Granite  into  Gneiss. — Gneiss  and  Granite 
veinS. — Mica^Slate. — Crystalline  or  Primarj  Limestone. — 
Formation  of  Lime  hj  Animal  Secretion. — Origin  of  Calca* 
reous  Rocks. — Serpentine. — Euphotide  or  Sanssurite.— Horn- 
blende Rocks. — Compact  Felspar.-^En  rite,  orWhite  Stone. — 
Primary  Porphyry  a  Mode  of  Granite. — Recurrence  of  the 
saine  Rocks  in  the  different  Rock-formations. 

XhE  principal  primary  rocks  enumerated  with 
granite  in  the  preceding  chapter  were  Gneiss  and 
Mica-slate.  With  these^  certain  rocks  are  frequently 
associated^  and  are  therefore  regarded  as  cotempo* 
raneous ;  for  where  one  rock  occurs  imbedded  in 
another^  it  is  evident  that  the  inclosed  rock  must 
be  as  ancient  as  the  rock  which  enfolds  it ;  and 
therefore  if  one  be  primary^  the  other  must  also  be 
primary^  unless  the  imbedded  rock  be  volcanic. 
Gneiss  received  its  name  from  the  German  miners : 
according  to  Mr.  Jameson^  the  decomposed  stone 
on  the  sides  of  some  metallic  veins  was  first  so  called; 
but  Werner  designated  by  this  term  a  schistose  or 
slaty  granite^  abounding  in  mica.  Granite  fre- 
quently passes  into  gneiss  by  an  almost  impercep- 
tible g^dation :  where  the  quantity  of  felspar  de- 
creases and  the  crystals  or  grains  become  smaller, 
if  the  mica  increases  in  quantity^  and  is  arranged 
in  layers,  the  rock  loses  the  massive  structure,  and 
becomes  schistose;  we  have  then  a  true  gneiss.  By 
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the  reverse  of  this  process^  if  the  quantity  of  felspar 
increases^  and  the  mica  diminishes^  the  rock  loses 
the  schistose  structure  and  becomes  massive ;  and 
we  have  granite  again.  Some  geologists  call  this 
secondary  granite^  but  the  upper  and  lower  granite^ 
and  the  gneiss  are  in  this  instance  but  different 
modes  of  the  same  rock. 

The  granite  of  the  Alps  which  Saussure  calls 
granite  vemi,  is  properly  an  incipient  state  of 
gneiss;  the  mica  is  arranged  in  parallel  layers, 
varying  in  distance  from  each  other ;  when  they 
approach  very  near,  they  form  what  in  hand  speci- 
mens is  called  true  gneiss.  When  the  parallel  lay- 
ers of  mica  are  at  some  distance  from  each  other, 
they  give  a  striped  appearance  to  the  rock.  Laminae 
of  quartz  of  considerable  thickness  sometimes  se- 
parate the  febpar  from  the  mica,  and  occasionally 
masses  of  quartz  are  imbedded  in  gneiss.  When 
the  mica  becomes  very  abundant,  and  the  other 
constitueqt  parts  are  small  in  size  and  quantity, 
gneiss  passes  into  mica-slate ; — ^gneiss  has  often  a 
waved  form.  This  rock  has  been  represented  as 
stratified,  I  conceive,  by  a  mistake  in  confounding 
the  stratified  with  the  slaty  structure :  the  latter  ia 
occasioned  by  the  quantity  of  mica  and  sometimes 
of  talc  which  it  contains,  and  is  the  effect  of  cry<* 
stallization*. 

*  The  pftrtiogs  or  divisions  in  rocks,  which  may  properly  be 
denominated  rents,  are  distinct  from  those  which  are  the  effect 
of  crystallization,  and  may  be  distinguished  by  their  irregularity, 
roughness,  and  the  indeterminate  manner  in  wliich  they  inter- 
sect the  stone. 
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Beds  of  crjrstalline  limestone,  and  of  hornblende 
rock,  occur  in  gneiss.  It  contains  most  of  the  me^ 
tkllic  ores,  both  in  veins  and  beds.  Crystals  of 
garnets  are  frequently  interspersed  in  gneiss,  but 
are  more  common  in  micaceous  schist,  which  is 
nearly  allied  to  this  rock. 

The  declivities  of  granite  mountains  are  covered 
by  rocks  of  gneiss  in  many  parts  of  the  world. 
Gneiss  constitutes  the  principal  rock-formation  in  ft 
considierable  part  of  Sweden.  It  occurs  in  Scotland 
and  Ireland,  but  is  scarcely  known  in  dny  part  of 
England  Or  Wales.  Very  well  characterized  gneiss 
occurs  in  the  vicinity  of  Aberdeen.  An  imper-^ 
fectly  formed  gneiss  is  found  on  the  Malvern  Hills. 
I  have  also  seen  gneiss  brought  from  the  lower 
part  of '^kiddaw  in  Cumbefknd.  Mountains  of 
gneiss  are  not  so  steep  and  broken  as  those  of 
granite,  and  the  summits  are  generally  rounded.  " 
' '  Mica-slate  or  MtcMeoud  schistus  is  frequently 
incumbent  on  gneiss  olr  gfranite,  and  covered  by 
common  slate:  it  passes hy  gradation  into  both  tbes6 
rocks,'— 4he  coarser-grained  resembling  gneiss,  and 
the  finer  kintl,  by  insensible  transitioii,  becomings 
elay-shte. 

Mica-slate  is  essentially  composed  of  mica  and 
quartz  intimately  combined;  the  felspar,  which  iii 
a  principal  constituent  part  of  granite  and  gneiss, 
occurs  t)n}y  occasionally  in  irregular  masses  in  this 
rock.  The  colour  of  mica-slate  is  generally  a  light 
gray,  inclibing  sometimes  to  green  or  yellow ;  the 
finer  kinds  have  a  pearly  lustre ; — in  the  coarser 
kind  the  laminae  of  mica  are  more  distinct  and 
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minated in  mica-shte :  it  contains  occasionally  cry- 
stals of  odier  minerals.  It  has  a  slaty  structure^  and 
is  often  waved  and  contorted^  and  divided  by  thiA 
laminie  of  quartz.  It  sometimes  contains  beds  and 
bminss  of  crystalline  Uoiestone^  or  is  intermixed 
with  serpentine.  Mica-slatealso  frequently  contains 
beds  and  veins  of  mfetaUic  ores.  The  gradation  of 
mica-slate  into  gneiss  and  clay-^slate^  and  the  transi- 
tion iGrom  granite  to  mica-slate^  may  bedistinctly  seen 
in  some  of  the  rocks  near  Bray^  in  the  county  of 
Wicklow  in  Ireland.  I  have  observed  that  the 
bediT'of  mica-slate  adjoining  the  granite  are  tra- 
versed by  numerous  and  large  seams  of  quartz  run- 
ning parallel  with  the  slaty  structure  of  the  roclr^ 
and  increasing  in  size  as  they  approach  the  g^- 
nite.  The  quartz  has  a  greasy  aspect^  and  is  evi« 
dently  of  cotemporaneous  formation  with  the  mica- 
slate  and  granite. 

Mica-slate  has  a  near  affinity  to  clay-slate ;  and 
as  I  have  arranged  the  latter  with  rocks  of  the' se- 
cond chss^  it  may  perhaps  be  doubted  whether 
mica^slate  should  not  also  have  been  transferred  to 
thci  same  class.  No  well  characterized  rocks  of 
mka-slate  of  any  extent  occur  in  England.  I  have 
observed  a  micaceous  rock,  which  may  be  consi- 
dered as  an  imperfect  kind  of  mica-shte  near  the 
granitic  rocks  of  Mount  Soar  Hill ;  but  it  vms  co** 
vered  by  wood,  which  concealed  its  junction  with 
other  rocks.  On  the  western  side  of  Anglesea, 
near  Holyhead,  there  are  numerous  rocks  of  an  in- 
termediate kind  between'  mica-slate  and  talcose- 
date.     The  hminffi  are  separated  by  very  thin 
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yearns  of  quartz ;  and  I  have  obsenred  some  of  tb^m 
bent  and  contorted  in  various  directions^  as  is  not 
unfrequently  the  case  with  mica-slate  in  other  dis- 
tricts. 

The  mica-slate  on  the  opposite  coast  of  Ireland^ 
near  Bray^  I  am  inclined  to  consider  as  of  the  same 
formation  with  that  in^An^lesea.  Probably  this 
rock  stretches  under  the  Irish  Channel,  of  which  it 
may  form  the  bed  in  that  parallel  of  latitude.  The 
structure  of  both  rocks  is  the  same^  presenting  the 
same  divisions  by  thin  laminae  of  quartz ;  but  the 
mica  of  Anglesea  is  more  combined  with  talc. 
Mica-slate  abounds  in  the  Highlands  of  Scotland^ 
and  in  many  alpine  districts  in  Europe^  particularly 
in  the  Pennine  Alps. 

-  Gneiss  and  mica-slate  are  nearly  allied  to  each 
other  and  to  granite.  Circumstances  attending 
the  formation  of  granite  appear  to  have  produced  a 
different  arrangement  of  the  component  ingredients. 
This  is  the  more  probable^  as  both  gneiss  and  mica- 
date  sometimes  graduate  into  granite^  and  have  at 
•other  times  a  porphyritic  structure.  In  some  situ- 
ations the  causes  which  change  granite  into  gneiss 
or  mica-slate  have  not  operated^  and  we  find  neither 
of  these  substances  separating  granite  from  the 
rocks  of  the  next  class. 

Mica  is  nearly  allied  to  talc^  and  mica-slate  fre- 
quently passes  by  insensible  gradations  into  talc- 
slate  or  talcy  mica-slate :  a  considerable  part  of  the 
granite  of  Mont  Blanc  is  of  this  kind. 

Gneiss  and  mica-slate  being  nearly  similar  in 
their  constituent  parts  and  geological  position^ — 
most  of  the  metallic  ores  and  minerals  that  occur  in 
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one  roek^.  occur  ako  in  the  other.  .  CrystaBiae 
limestone^  homhlende^  talc^  and  serpentine^  more 
frequently  form  beds  in  mica-slate  than  in  gneiss. 
The  waved  structure  is  very  common  in  mica-slate^ 
and  the  beds  are  often  most  singularly  bent  and 
contorted. 

-  Cryrtalline  or  primary  limestone^  of  which  sta-* 
tuary  marble  is  a  variety^  occurs  principally  form-* 
ing  beds  in  primary  mountains ;  beds  of  this  mi- 
neral occur  rarely  in  granite,  more  frequently  in 
gneiss,  but  are  most  common  in  mica-slate,  with 
which  rock  it  is  often  much  intermixed,  and  often 
alternates  with  it.  It  is  observed  that  the  primary' 
limestone  in  granite  and  gneiss,  is  coarser  grained 
than  that  in  mica-slate  or  common  slate.  Primary 
limestone  is  often  much  intermixed  with  serpen- 
tine. When  beds  of  primary  limestone  occur  of 
considerable  thickness,  they  sometimes  contain  veina 
of  metallic  ores. 

Ciystalline  or  primary  limestone  when  pure  is 
composed  of  calcareous  earth,  which  scarcely  exists 
as  a  component  part  of  granite,  gneiss,  or  mica- 
slate.  No  organic  remains  are  found  in  the  cry- 
stalline limestone  in  primary  mountains;  the  struc- 
ture is  granular;  the  white  variety  known  as  statuaiy 
marble  resembles  fine  loaf-sugar,  and  is  imperfectly 
translucent ;  hence  it  has  been  called  by  the  French 
chaux  carhanatie  saccaraide.  The  colour  of  pri* 
mary  limestone  is  sometimes  yeUowish,  greenisb^ 
or  inclining  to  red.  From  a  mixture  of  mica  it  has 
often  a  slaty  fracture  and  divides  in  plates,  from 
which  circumstance  it  haa  been  described  as  strati- 
fied,— a  term  not  applicable  to  rocks  that  are  granu- 
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fer  and  purely  crystalline.  It  may  be  further  de« 
serving  notice^  that  primary  limestone  or  statuary 
marble  frequently  contains  a  considerable  quan- 
tity of  siliceous  earthy  to  which  it  owes  its  hard- 
ness and  durability.  White  crystalline  statuary 
marble  occurs  in  the  Isle  of  Sky^  one  of  the  He- 
brides, and  many  rocks  of  ciystalline  marble  inter- 
mixed with  mica-slate  and  serpentine^  are  found  in 
different  parts  of  Scotland.  Neither  in  England 
nor  Wales  have  any  rocks  of  limestone  been  found 
which  possess  the  crystalline  translucent  qualities 
of  statuary  marble^  though  very  beautifiil  marbles 
occur  which  will  receive  a  high  poliidi ;  these  belong 
to  the  limestone  which  will  be  described  in  the  fol- 
lowing chapter. 

White,  marble  is  procured  from  Italy^  Switzer- 
land, and  the  Graecian  Archipelago.  Primary  lime- 
stone exists  in  beds  of  greater  or  less  magnitude^ 
which  are  sometimes  so  thick  as  to  form  entire 
*  mountains.  It  was  once  supposed  that  all  calca- 
reous rocks  and  strata  are  composed  of  the  shells  of 
marine  animals^  and  it  cannot  be  doubted  that 
many  of  them  are  entirely  formed  of  these  organic 
remains :  but  in  the  beds  of  primary  limestone^and 
even  in  some  of  the  secondary  limestones,  no  ves- 
tiges of  such  remains  occur.  It  may  be  said  that 
the  process  by  which  primary  limestone  waa  cry- 
stallized, destroyed  all  traces  of  organization ;  and 
though  it  would  be  imposstUe  to  diqirove  this,  yet 
tiiere  is  no  reason  to  bdieve  that  lime  may  not  exist 
as  an  deaientwy  earth,  like  sihx  or  alumine,  inde- 
pendent of  the  operationa  of  animal  life.  It  doesv  so 
exist  as  a  component  part  of  many  minerak,  and  it 
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may  have  existed  in  suflBcient  quantity^  to  form  the 
mountains  of  primary  limestone. 

It  is  however  a  curious  but  undoubted  feact,  that 
no  inoonriderable  portion  of  the  earth's  surface  has 
been  formed  by  organic  secretion^  and  the  process  is. 
still  going  on  rapidly  and  extensively  in  the  Southern 
Ocean.  According  to  the  observations  of  voyagers^ 
islands  and  reefs  of  coral  rocks  are  raised  from  vast 
depths  in  the  course  of  a  few  years.  Tbus^  millions 
€f  minute  marine  polypi  are  preparing  future  abodes 
for  other  classes  of  animals  of  larger  size^  and  living 
in  another  element.  From  whence  do  these  innu* 
merable  zoophytes  and  moluscous  animals  procure 
the  lime  which^  mixt  with  a  small  portion  of  animal 
matter^  forms  the  solid  covering  by  which  they  are 
protected  }  Have  they  the  power  of  separating  it 
from  other  substances^  or  the  still  more  extraordinary 
faculty  of  producing  it  from  simple  elements  ?  The 
latter  I  consider  as  more  probable;  for  the  polypi 
which  accumulate  rocks  of  coral  from  unfathomable 
depths  have  no  power  of  locomotion ;  their  growth 
ia  rapid^  and  the  quantity  of  calcareous  matter  they 
produce  in  a  short  qiace  of  time>  can  scarcely  be 
supposed  to  exist  in  the  waters  of  the  ocean  to  which 
they  have  access^  as  sea-water  contains  but  a  minute 
portion  of  lime« 

It  is  now  ascertained  that  Ume  and  the  other  earths 
are  compounds  of  oxygen  united  with  metallic  bases; 
and  the  brilliant  discoveries  of  Sir  H.  Davy  respect- 
ing the  m^aUic  nature  of  ammonia^  would  lead  to 
the  condusion  that  the  metallic  bases  of  all  the  alka- 
lies and  alkaUneearths>  which  have  many  properties 
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in  comikion^  may^  like  ammonia^  be  compounds  of 
hydrogen  and  azote^  but  differently  combined.  Now 
it  is  well  known  that  hydrogen  and  azote^  which 
exist  as  elementary  constituent  parts  of  almost  all 
animal  substances^  may  be  derived  from  water  and 
the  atmosphere ;  and  should  the  compound  nature 
of  the  metallic  bases  of  the  earths  be  ascertained^ 
theformation  of  lime  by  animal  secretion^  will  admit 
of  an  easy  e^cplanation. 

Serpentine  derives  its  name  from  its  variegated 
cok>urs  and  spots  supposed  to  resemble  the  serpent's 
skin :  its  chemical  composition  has  been  before  de- 
scribed. The  colours  are  roost  generally  various 
shades  of  light  and  dark  green^  which  are  intermiift 
in  spots  and  clouds ;  some  varieties  are  red.  When 
fresh  broken  it  has  some  degree  of  lustre^  and  a 
slightly  unctuous  feel ;  when  pounded^  the  powder 
feels  soapy.  It  is  harder  than  limestone^  but  yields 
to  the  point  of  a  knife,  and  will  receive  a  very  high 
polish.  When  serpentine  is  found  intermixt  with 
patches  of  crystalline  white  marble,  it  constitutes 
a  stone  denominated  verde-antique,  which  is  highly 
valued  for  ornamental  sculpture.  Some  varieties  of 
serpentine  are  translucent,  in  others  there  is  an 
appearance  of  crystallization,  forming  a  mineral 
called  diallage  or  schiller-spar.  The  minerals  as« 
sociated  with  serpentine  are  generally  those  allied 
to  talc.  Compound  rocks  in  which  talc  and  horn'- 
blende  are  predominating  ingredients,  pass  into* 
serpentine.  Magnesia  enters  largely  into  the  com- 
position of  these  rocks.  A  late  analysis  of  one  kind 
of  serpentine,  gave  48  per  cent  of  this  earth.    Ser^ 
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pentioe  chiefly  occurs  in  gneiss  and  mica^shte^  in 
beds  which  are  frequently  so  thick  as  to  compose 
mountain  masses  of  considerable  height.  Serpen- 
time  sometimes  becomes  magnetic^  from  an  intimate 
iatermixture  with  minute  particles  of  magnetic  iron- 
stone. Many  of  the  alpine  districts  in  Europe 
5H>nlain  rocks  and  beds  of  serpentine ;  but  accord- 
ing to  Patrin^  there  is  no  serpentine  in  Northern 
Asia^  nor  was  it  seen  by  Humboldt  in  the  Andes ; 
but  it  is  not  uncommon  in  the  United  States  of  North 
America.  In  the  Alps  it  is  observed  that  the  rocks 
of  serpentine  lie  principally  on  that  side  which  &ces 
Italy  aqd  the  coast  of  Genoa.  There  is  a  soft  kind 
.of  serpentine^  sufficiently  tenacious  to  be  turned  in 
a  lathe  into  vessels  of  any  shape^  which,  resist  the 
^tion  of  fire :  hence  they  are  used  for  culinary  and 
pther  purposes  in  some  parts  of  Switserknd^  in 
XiOmbardy^  and  even  in  Higher  Egypt  The  use 
of  thiii;8tone.is  of  great  antiquity^  being  distinctly 
ineixtioned  by  Pliny  ;  it  is  called  lapis  ollaris,  or 
pot-stone. 

In  Cornwall  serpentine  occurs  with  a  micaceous 
rock  lying  over  granite^  and  forms  part  of  the  pro- 
montory called  the  Lizard  Point  It  is  not  met  with 
in*  any  other  part  of  England  that  I  know  of;  but  I 
have  observed  rocks  approaching  the  nature  of  ser- 
pentine in  Chamwood  Forest^  and  in  the  county  of 
Radnor  in  Wales. 

Beautiful  varieties  of  red  and  green  serpentine 
occur  in  the  Isle  of  Anglesea^  about  six  miles  fcom 
.the  Paris  copper-mine.  It  is  found  in  beds  of  great 
thickness  associated  with  the  common  slate-rocks  of 
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the  district^  which  approach  in  their  nalnre  to  tal-* 
C0U8  slate :  asbestus  lies  in  considerable  quantities 
in  the  partings  between  the  beds  of  serpentine. 

Some  of  the  specimens  of  this  serpentine  have 
the  characters  of  the  precious  or  noble  serpentine ; 
the  colours  are  principally  dark  green^  intermixt 
with  spots  and  clouds  of  lighter  green^  and  shining 
laminss  of  scbiHer-spar  or  crystallized  serpentine. 
The  fracture  is  conchoidal^  and  it  is  translucent  at 
the  edges.  It  resists  the  point  of  a  copper  or  brass 
tool^  and  breaks  with  great  difficulty.  Some  va- 
rieties contain  crystalline  limestone^  but  in  smaller 
patches  than  in  the  Italian  verde-antique ;  occa- 
sional stripes  and  spots  of  steatite^  asbest^  and  quartZj 
occur  in  it.  The  red  is  sometimes  intermixt  with  a 
great  variety  of  other  rich  colours  in  the  same  stone, 
as  blacky  white^  greenish  white,  and  dark  green. 
It  may  be  considered  as  a  valuable  stone  for  pur- 
poses of  ornamental  architecture,  for  in  beauty  and 
durability  it  is  not  exceeded  by  the  costly  marbles 
of  Greece  or  Italy. 

By  a  mixture  of  serpentine  with  talc  or  steatite, 
serpentine  becomes  soft  and  sectile,  and  forms  the 
mmeral  called  potstone  before  mentioned.  A  diffe- 
rent combination  of  crystallized  serpentine  (duMage) 
with  jade  or  felspar,  forms  one  of  the  hardest  and 
heaviest  of  known  rocks.  It  was  first  noticed  by 
Saussure  in  rounded  pieces  and  loose  blocks,  scat- 
tered over  several  parts  of  the  valley  near  the  Lake 
of  Geneva ;  to  this  mineral  the  name  of  Saussurite 
has  been  given.  It  is  much  harder  than  quartz, 
and  its  specific  gravity  is  3*35 :  the  colour  gene- 


HORNBLWDS  BOCK.  119 

rally  inclines  to  green.  For  a  considerable  time 
it  was  unknown  where  this  rock  occurred  in  gUu  ; 
it  has  since  been  discovered  in  immense  beds^  as- 
sociated with  serpentine^  in  the  valley  of  Sass  in  the 
Haut  Valois.  Beds  of  the  same  rock  occur  on  the 
southern  side  of  the  Alps  and  in  die  Apennines.  A 
very  interesting  description  of  the  saussurite  and 
serpentine  of  the  Apennines  has  been  published  by 
M.  Brongniart^  entitled  Sar  le  Gisement  ou  Position 
relatwe  des  OphioUtes,  Euphotides  et  Jaspes,  dan$ 
quelques  Parties  des  Jppenins*.  In  these  rooun* 
tains^  the  serpentine  rests  upon  saussurite,  the  saus- 
surite on  strata  of  jasper,  and  the  latter  on  transi- 
tion or  secondary  limestone.  This  position  is  re- 
markable, for  geologists  had  generally  supposed 
that  all  serpentines  were  more  ancient  than  the  se- 
condary rocks. 

Hornblende  rock  and  Hornblende  s2afe.— This 
mineral  has  been  described  Chap.  III.  When  it 
forms  the  principal  parts  of  rocks,  the  colour  is  com- 
monly a  greenish  black.  Massive  hornblende  in  rocks 
is  generally  coarsely  granular  and  lamellar ;  in  horn- 
blende slate  it  is  frequently  radiated  or  fibrous,  and 
when  the  fibres  are  very  minute  it  has  a  velvet-like 
lustre.  Hornblende  slate  occurs  in  beds  in  granite, 
gneiss,  and  mica-slate,  and  occasionally  in  common 
slate  it  appeara  to  pass  by  gradation  into  serpen- 


*  It  is  to  be  ngretted  that  fo  excellent  an  observer  and 
Buneralogist  as  M.  BroDgniart,  who  is  so  justlj  eminent  for  his 
scientific  labours,  should  have  thought  it  necessary  to  burden 
Geology  with  two  additional  new  names.  Serpentine  he  has 
denominated  ophioliie,  and  saussurite  ^upkotide^ 
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tine ;  the  change  is  effected  by  an  increase  of  mag 
nesia^  which  forms  one  of  the  constituent  parts  of 
hornblende. 

Hornblende  in  large  lamellar  grains^  intermixed 
with  felspar^  forms  sienite^  which  it  was  remarked 
in  the  last  chapter  is  not  unfrequently  associated 
with  granite :  the  passage  of  one  rock  into  the  other 
by  the  increase  or  decrease  of  felspar^  may  fre- 
quently be  observed  in  the  same  mountain.  When 
hornblende  and  felspar  are  more  intimately  blended, 
they  form  the  rock  called  by  the  Germans  Green 
atone,  by  the  French  Diabase;  and  with  other  rocks 
of  similar  composition  are  frequently  described  as 
trap-rocks,  and  by  the  French  as  roches  amphibo^ 
Uques :  these  will  be  more  properly  noticed  in  the 
subsequent  chapters.  When  the  hornblende  and 
felspar  are  so  closely  and  minutely  intermixed  that 
the  rock  appears  homogeneous,  the  trap  has  all  the 
external  character  of  a  rock  (hereafter  to  be  more 
fully  described)  called  Basalt*.  In  examining  the 
geological  specimens  of  Saussure  in  the  museum  at 
Geneva,  I  observed  that  the  rocks  which  he  so  ire* 
quently  mentions  under  the  name  of  Comieney  are 


*  The  rock  to  which  the  French  give  the  name  of  Diabase, 
the  compact  trap  of  Werner,  resembles  basalt  (which  the  French 
call  Dolerite)  so  closely  both  in  composition  and  physical  cha. 
racters^  that  the  division  into  two  species  seems  principally  made 
to  serve  the  purpose  of  theory.  Diabase  is  composed  of  felspar 
and  hornblende,  and  dolerite  of  felspar  and  aagite  intimately 
combined.  But  as  hornblende  and  aagite  do  not  differ  more  in 
chemical  composition,  than  one  species  of  hornblende  differs 
from  another,  and  as  these  two  minerals  are  only  to  be  distin. 
guished  by  their  crystallization ;  when  they  occoruncrystallized, 
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mixtures  of  hornUende  and  fidspar^  in  which  the 
former  mineral  predominates. 

Hornblende  intermixed  with  felspar^  forming 
sienite  and  greenstone^  occurs  at  the  Malvern  Hilk 
in  Worcestershire^  at  the  Chamwood  Forest  hills 
in  Leicestershire,  and  in  Cornwall^  Cumberland^ 
and  North  and  South  Wales.  Very  little  well  cha- 
racterized hornblende  slate  is  found  in  any  part  of 
England^  but  it  occurs  abundantly  in  the  alpine  parts 
of  Scotland,  and  in  most  of  the  principal  mountain 
ranges  in  Europe.  The  various  intermixtures  of 
hornblende  and  felspar^  to  which  the  name  of  trap'^ 
rocks  is  frequently  given^  may  more  properly  be 
classed  with  transition  rocks. 

Pwpkifiy  derives  its  name  from  a  Greek  word 
denoting  purple ;  the  rock  to  which  it  was  at  first 
applied  bad  a  purple  colour.  In  the  modern  acce|>* 
tatton  of  the  term,  any  rock  which  is  compact  or 
finely  granular,  and  contains  distinct  imbedded  cry** 
stals,  is  called  Porphyry,  whatever  be  its  colour. 
The  base  or  paste  of  most  porphyritic  rocks  is  fel- 
spar ;  and  the  imbedded  crystals  are  also  felspar, 
though  there  may  be  also  small  grains  or  crystals 
of  other  minerals.    It  has  been  stated  in  the  preced- 


maj  thejnot  be  regarded  as  identical  ?  '  It  is  true,  augite  occurs 
ftboiidantly  in  rocks  of  undoubted  igneous  ortgin  and  in  the 
lavas  t^tecent  voloanoct ;  hombleiide  occurs  also  in  basaltic  lavas, 
but  more  frequently  in  rocks  of  which  the  igneous  origin  is  not 
genendlj  admitted:  yet  it  may  |)e, fairly  doubted,  whether 
the  distinction  between  compact  diabase,  and  compact  dolerite, 
has  not  been  madeinorder  to  form  gratuitous  conclusions  respect, 
ing  the  different  origin  of  rocks,  which  are  in  chemical  composi-* 
tioo  and  external  character  essentially  the  same. 
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ing  chapter^  that  granite^  by  becoming  finer  gnuned> 
frequently  passes  to  the  state  of  porphyry.  The 
eufite  of  the  French  geologists^  and  the  tceisS'Stein 
or  wkUe  stone  of  Werner^  is  a  granite  in  which  the 
febpar  is  the  principal  constituent  part^  and  is  either 
finely  granular  or  nearly  compact.  To  this  variety 
English  geologists  give  the  name  of  compact  fel- 
spar :  the  white  elvan  of  the  Cornish  miners  is  a 
porphyritic  eurite. 

Greologists  have  described  four  formations  of 
porphyry,  but  it  is  generally  agreed  that  there  is 
much  uncertainty  with  respect  to  the  situation  of 
these  formations.  The  porphyry  which  occurs  im- 
bedded in  granite,  or  which  appears  to  be  formed  by 
a  change  of  structure  in  that  rock,  may  properly  be 
classed  with  primary  rocks :  it  is  not  considered  to  be 
an  extensive  formation ;  the  white  elvan  of  Cornwall^ 
and  probably  the  porphyry  associated  with  mica-slate 
in  Argyleshire,  belong  to  this  formation.  Porphyry 
also  occurs  in  enormous  masses  covering  both  pri* 
mary  and  transition  rocks  unconformably ;  but  this 
porphyry  belongs  more  properly  to  transition  rocks> 
and  vrill  be  described  with  them  in  the  following 
chapters.  Porphyry  is  sometimes  a  volcanic  rock^ 
and  appears  to  form  the  connecting  gradation  be- 
tween granitic  rocks,  and  those  of  igneous  origin. 

Before  taking  leave  of  the  rocks  classed  as  Prima- 
ry, it  may  be  proper  to  notice  that  some  of  the  rocks 
associated  with  granite,  gneiss,  and  mica-slate,  occur 
also  in  the  transition  class,  and  even  in  the  lower 
secondary  strata.  The  same  causes  by  which  they 
were  formed  among  primary  rocks,  have  also  ope- 
rated at  a  later  period :  indeed  one  of  the  well  known 
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rocks^  limestone^  has  been  deposited  or  formed  in  all 
the  different  classes  of  rocks  except  the  volcanic^ 
and  must  therefore  receive  its  name  from  the  class 
with  which  it  is  associated ;  as  primary  limestone^ 
transition  limestone^  &c.  In  some  instances  the 
mineral  characters^  or,the  fossils^  serve  to  distinguish 
rocks  of  the  same  kind^  that  occur  in  the  different 
classes  or  formations :  thus  the  rocks  associated  with 
primary  rocks  are  generally  harder  and  more  cry- 
stalline than  the  same  species  of  rock  which  occurs 
in  the  secondary  class ;  but  this  is  not  invariably  the 
case. 
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CHAPTER  VII. 

ON  TRANSITION  OR  INTERMEDIATE  ROCKS. 

ChaTacterandCla8aficattonofTraii8iti6nRock8.-^late the  Clay* 
.  date  of  Werner.— Roof  Slate,  its  Cleavage  aot  the  Effect  of 
Stratification,  bat  of  Crystallization. — ^Talcous  Slate. — Whet- 
stone Slate.  —  Flinty  Slate.  -^  Greywacke  and  Greywacke 
Slate,  its  Passage  into  Red  Sandstone  and  Gritstone. — Errors 
of  English  and  Foreign  Geologists  respecting  the  Old  Red 
Sandstone  and  Mountain  Limestone.^-Old  Red  Sandstone. — 
Transition  Limestone.— Transition  Limestone  of  Devonshire, 
and  Dudley  in  Staffordshire. — Upper  Transition  or  Mountain 
Limestone.— Its  Connection  with  Coal  Strata. — Observations 
on  the  Fossils  in  Transition  Rocks. 

Transition  or  intermediate  rocks  cover  rocks 
of  the  primary  class,  and  are  distinguished  as  the 
lowest  rocks  in  which  the  fossil  remains  of  animals 
or  vegetables  are  found  ;  they  may  be  regarded  as 
the  most  ancient  records  of  our  globe^  imprinted 
with  the  natural  history  of  its  earliest  inhabitants. 

Transition  rocks  are  the  principal  repositories  of 
metallic  ores^  which  occur  (both  in  veins  and  beds) 
more  abundantly  in  many  of  the  rocks  of  this  class^ 
than  in  primary  rocks.  Metallic  veins  very  rarely 
occur  in  the  secondary  strata. 

Geologists  have  often  been  perplexed  in  their  at- 
tempts to  draw  a  well  marked  line  of  distinction 
between  primary  and  transition  rocks:  the  difficulty 
has  arisen  chiefly  from  their  arranging  slate  with 
the  primary  class;  and  hence  the  disciples  of  Werner 
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have  been  obliged  to  introduce  the  theoretical  terni0 
of  newer  and  older  primary  slate^  and  newer  and 
older  transition  slate^  &c.  If  the  occurreiice  of  or-' 
ganic  remains  in  rocks  be  the  characteristic  distinc^ 
tion  between  the  primary  and  transition  class^  slate 
must  certainly  be  classed  with  the  latter ;  for  it  iff 
among  slate  rocks  that  the  fossilized  remains  of 
animals  and  vegetables  first  appear^  in  every  conntrjr' 
that  has  yet  been  examined.  One  of  the  disciples 
of  Werner^  M.  D'Aubuisson^  admits  that  there  is 
no  where  any  extensive  formation  of  primary  slate. 
M.  Bonnard^  another  disciple  of  the  same  school^ 
in  his  Apperfu  Geognostique  des  Terrains^  after 
enumerating  various  primary  slate  rocks^  candidly 
acknowledges  that  it  is  doubtftil  whether  primary- 
slate  can  any  where  be  found.  It  is  true^  that  mica* 
slate  passes  by  almost  imperceptible  gradations  into 
common  slate;  but  here^  as  in  other  instances,  we 
only  find  that  Nature  is  not  limited  by  the  artificial 
arrangements  of  the  geologist :  yet  so  iong  as  it 
may  be  proper  to  class  rocks  containing  organic 
remains,  with  transition  rocks,  we  must  place  slate 
among  them.  Nor  can  this  be  invalidated  by  the 
fact,  that  in  some  slate  rocks  no  vestiges  of  animal 
or  vegetable  remains  occur;  for  among  the  secon- 
dary strata,  abounding  in  such  remains,  we  often 
meet  with  alternating  beds,  in  which  they  are  never 
found ;  but  we  do  not  on  that  account  class  them 
with  primary  rocks.  In  arranging  transition  rocks, 
I  most  decidedly  place  the  English  mountain  lime- 
stones among  them,  -as  I  have  done  in  the  former 
editions  of  this  work.  •  I  know  no  circumstance  in 
Geology  that  evinces  more  strongly  the  tenacity 
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with  which  errors  are  cherished,  when  they  have 
been  some  time  entertained,  than  the  determination 
of  En^tsh  geologists  to  separate  mountain  lime- 
stone from  transition  limestone,— in  opposition  to 
analogy,  and  to  the  universal  opinion  of  geologists 
on  the  continent.  This  separation,  as  a  mere  matter 
of  classification,  would  be  in  itself  of  little  import- 
ance; but  it  has  tended  more  than  any  other  circum- 
stance to  perplex  both  foreign  and  English  geolo- 
gists,  in  their  attempts  to  assimilate  the  rock  forma- 
tions of  England,  with  those  on  the  continent  of 
Europe. 

When  a  general  attention  was  first  excited  in  this 
country  to  the  study  of  Geology,  access  to  the  con- 
tinent was  extremely  difficult,  and  we  were  left  to 
explore  as  well  as  we  could  the  geology  of  our  own 
island,  enlightened  only  by  the  dark-lantern  of 
German  Geognosy.  Many  characters  were  given 
of  transition  rocks,  and  floetz  or  parallel  rocks, 
fi>unded  on  local  observations  in  Germany,  which 
did  not  apply  to  the  rocks  in  other  countries :  it  was 
found  that  the  characters  of  our  metalliferous  lime- 
stone did  not  agree  very  well  with  either,  and  there- 
fore English  geologists  have  retained  the  name  of 
mountain  limestone,  and  the  appellation  of  transi- 
tion limestone  was  restricted  to  a  lower  bed,  small 
in  extent,  and  comparatively  unimportant.  When 
I  first  visited  the  continent,  and  examined  the  cabi- 
nets of  some  eminent  geologists,  I  was  particularly 
struck  with  finding  the  analogues  of  our  principal 
beds  of  mountain  limestone  exhibited  as  types  of 
true  transition  limestone.  On  my  return  to  Paria 
the  following  year,  I  took  specimens  of  our  moua- 
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tain  timestoiie  from  Derbyshire^  Westmoreland, 
Somenetshire,  and  Wales;  and  also  of  the  lower 
limestones,  from  Shropshire  and  Devonshire,  and 
presented  them  to  Messrs.  BrongniartandBrochant. 
The  whole  of  the  specimens  they  recognized  as 
transition  limestones,  and  selected  the  encrinal  and 
dark  madrepore  niountaialimestone,as  the  true  types 
par  exeeUenee—des  Calcaireei  de  TramMan. 

The  following  arrangement  of  transition  rock^, 
comprises  the  lowest  rocks  in  which  organic  re« 
mains  occur,  and  those  which  are  metalliferous,  or 
are  associated  with  metalliferous  rocks. 

Transition  Class 
(conformable ) . 
1 .  Slate,  including  flinty  slate  and  other  varieties. 

8.  Greywacke  and  greywacke  slate,  passing  into 
old  red  sandstone. 

3.  Transition  limestone.   Mountain  limestone. 

jRocA:  covering  Transition  Rocks  (unconfbrmably). 

4.  Porphyry,  passing  into  trap  or  greenstone. 

5.  Clink-stone,  passing  into  basalt. 

6.  Basalt. 

i8Ka(e—-of  which  roof-slate  isa  well  known  variety-— 
is  called  by  the  Germans  Than  schejfferoicUttf  slate; 
by  ancient  English  geologists,  argillaceous  schis^ 
tus;  by  the  modem  French,  Pkyllade.  The  term 
slate  is  perhaps  the  most  proper  than  can  be  used 
to^  designate  this  rock ;  as  the  best  variety  of  it, 
Roof«^te,  is  well  known.  ,  Clay-slate  is  a  name 
given  from  an  erroneous  opinion  respecting  its  con- 
stituent  puts ;  and  the  term  is  liable  to  create  much 
confusion,  aa  the  softer  kind  of  slate  in  the  eoal 


128  SIiATE.   . 

strata  is  called  slate-clay.  I  shall  therefore  through** 
out  the  present  volume  substitute  Uie  term  slate  for 
clay-dkite>  and  for  slate-clay  the  more  intelligible 
English  term  shale* 

Slate  rocks  abound  in  most  alpine  districts^  rest- 
ing either  on  granite>  gneiss^  or  mica-slate.  That 
slate  which  lies  nearest  the  primary  rocks  has  a 
more  shining  lustre  than  the  other^  and  partakes 
more  of  the  qrystalline  quality  of  mica-slate.  As 
this  rock  recedes  from  the  primary^  its  texture .  is 
generally  more  earthy.  Its  colours  are  various 
shades  of  gray^  inclining  to  blue^  green^'purple^  and 
red.  Some  kinds  of  slate  split  into  thin  laminae^ 
which  are  well  known  as  forming  roof-slates.  Slate 
rocks  are  commonly  divided  into  beds  of  various 
degrees  of  thickness^  which  generally  are  much 
elevated^  and  from  the  natural  divisions  of  the  rock, 
they  often  form  peaked  and  serrated  mountains. 

Slate  has  been  described  by  former  geologists  as 
distinctly  stratified^  because  it  splits  easily  into  thin 
laminae,  and  the  direction  of  the  laminae  is  asserted 
to  be  in  the  direction  of  the  beds :  but  in  opposition 
to  the  authority  of  many  eminent  geologists,  I 
maintain  that  slate^  unless  it  be  of  a  soft  or  coarse 
kind  approaching  to  shale  or  greywacke,  invariably 
splits  in  a  transverse  direction  to  that  of  the  beds, 
making  with  that  direction  an  angle  of  about  sixty 
degrees ;— *it  has  frequently  two  distinct  cleavages. 

Few  persons  have  perhaps  examined  more  slate 
rocks,  or  consulted  more  workers  in  slate  quarries 
than  I  have ;  and  the  fact  respecting  its  cleavage  is 
invariably  what  is  here  stated^  except  in  very  coarse 
greywacke  skte,  and  soft  slate  or  shale. 
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Slate  rockB  vary  much  in  quality  in* the  same 
mountain ;  those  which-  contain  a  great  quantity  of 
siliceous  earth  pass  into  flinty  slate.  When  magne* 
sia  enters  largely  into  the  composition  of  slate  rocksj 
they  are  distinguished  by  their  green  colour^  and 
pass  into  chlorite  or  talcy  date.  Whetstone  slate^ 
or  hone,  is  a  variety  of  talcy  slate^  containing  par- 
tides  of  quartz ;  when  these  particles  are  extremely 
minute^  and  the  slate  has  a  uniform  consistence  and 
requisite  degree  of  hardness^  it  forms  hones  of  the 
best  quality.  Carbonaceous  matter  is  first  disco- 
vered in  slate  rocks,  and  increases  in  quantity^  as 
they  approach  the  secondary  strata.  Drawing-slate 
is  stated  to  contain*  1 1  per  cent  of  carbon ;  where 
the  carbon  is  very  abundant^  the  slate  has  a  dark 
colour^  and  is  generally  soft.  Impressions  of  vege- 
tables are  found  in  some  slate  rocks  that  were  for- 
merly regarded  as  primary ;  the  slate  rocks  in  the 
vicinity  of  Mont  Blanc^  and  Mont  Cenis^  contain 
impressions  of  ferns. 

That  fine  variety  of  slate  which  is  used  forroof- 
slate^  seldom  forms  entire  mountains^  but  is  gene- 
rally imbedded  in  slate  rocks  of  a  coarser  kind :  the 
beds  of  roof  slate  are  sometimes  of  considerable' 
thickness^  and  generally  rise  at  an  elevated  angle. 
If  geologists  had  not  been  induced^  by  an  attach- 
ment to  theory^  pertinaciously  to  adhere  to  opi- 
nions once  received^  they  could  not  have  failed  to  re- 
cognise the  efi*ect  of  crystallization  in  the  cleavage 
of  slate^  as  evidently  as  in  the  laminar  divisions  of 
felspar. 

Those  varieties  of  roof-slate  are  preferred  for  the 
covering  of  buildings^  which  have  the  smoothest 
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rarface  and  split  into  the  thinnest  plates ;  they  are^ 
however^  frequently  made  too  thin  to  be  durable^ 
and  too  light  to  resbt  the  force  of  the  wind  during 
storms. 

Quarries  of  slate  are  worked  extensively  in  West* 
i;ifiorel&nd>  Yorkshire^  Leicestenshtre^  North  Wales^ 
Cornwall^  and  Devonshire.  The  foreign  localities 
of  slate  are  so  numerous^  it  would  :be  superfluous 
to  name  them. 

Mountains  of  shte  i^re  seldom  so  precipitous  as 
those  of  gfanite ;  they  are  covered  with  verdure  on 
their  declivities^  as  they  contain  less  silex  and  a 
more  equal  admixture  of  the  earths  £a,vourable  to 
vegetatipn. 

Flinty  slate^  as  before  observed^  differs  from 
common  slate  by  ocmtaining  a  greater  quantity  of 
siliceous  earth ;  and,  as  its  name  implies^  itpartdces 
of  the  nature  of  flint.  Slate  and  flinty^  slate  not 
only  paiss  into  each  other,  but  frequently  alternate. 
When  the  latter  ceases  to  have  the  slaty  structure^ 
it  becomes  homstone,  or  what  the  French  deno- 
m  inate  petro-silex.  If  it  contain  crystals  of  felspar, 
it  becomes  hornstone  porphyry :  all  these  varieties 
may  be  observed  alternating  with  each  other  in  the 
same  rocks  in  Charnwood  Forest,  and  in  North 
Wales  and  Cumberland. 

Slate  is  regarded  as  one  of  the  most  metalliferous, 
rocks :  nearly  all  the  principal  metallic  ores  have 
been  found  in  slate,  either  in  veins  or  beds ;  but  it 
is  remarkable  that  flinty  slate  seldom  contains  any 
repositories  of  metallic  matter.  Lead  and  copper 
are  the  principal  metals  found  in  the  slate  rocks  of 
England  and  Wales ;  they  are  not  so  rich  in  l^d  as 
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the  mountain  limestone^  but  the  lead  ore  in  slate 
rocks  contains  a  larger  potation  of  stiver. 

Orejfiooefte  and  Greytoadce  Slate;  German  Grott- 
waeki. — ^This  dissonant  term^  ^hich  we  have 
borrowed  from  the  German^  the  French  geologists 
have  exchanged  for  a  name  not  more  harmonious^ 
though  more  npressive/TVuttmofe^  from  the  Greek 
Thrmusma  a  fragment. 

Grejrwacke  in  its  most  common  form  may  be 
described  as  a  coarse  skte  containing  particles  or 
fragments  of  other  rocks  or  minends^  varying  in 
size  from  two  or  more  inches^  to  the  smallest  grain 
that  can  be  perceived  by  the  eye.  When  the  im- 
bedded particles  become  extremely  minute^  S^J' 
wacke  passes  into  slate.  When  the  particles  and 
fragments  are  numerous^  and  the  slate  in  which 
they  are  cemented  can  scarcely  be  perceived^  grey- 
wacke  becomes  coarse  sandstone  or  gritstone. 
When  the  fragments  are  krger  and  angular^  grey- 
wacke  might  be  described  as  a  breccia  with  a  paste 
of  slate.  When  the  fragments  are  rounded^  it  mi^t 
not  improperly  be  called  an  ancient  puddingstone. 
When  rocks  of  grey  wacke  have  a  slaty  structure^ 
they  form  greywacke  slate. 

Greywacke  has  by  some  of  the  French  geolo- 
gists been  described  as  a  transition  sandstone^  with 
a  cement  either  of  siliceous  earthy  or  of  slate.  This 
definition  agrees  with  the  gritstones  associated 
with  the  upper  transition  or  mountain  limestone. 
Where  the  paste  is  hard  and  siliceous^  as  I  have 
observed  in  the  greywacke  of  Savoy  that  separates 
Ihe  primary  from  the  secondary  rocks^  many  of  the 
siliceous  particles  may  have  been  original  concre* 
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tions^  formed  at  the  same  time  as  the  paste;  and 
where  these  concretions  are  all  composed  of  quartz, 
we  may  infer  that  such  has  been  their  mode  of 
formation.  In  other  instances^  the  fragments' are 
evidently  the  debris  of  more  ancient  rocks^  that 
have  been  broken  down  by  some  great  catastrophe, 
and  mixed  with  more  recent  beds  at  the  period 
when  they  were  forming.  This  mode  of  formation 
implies,  that  a  considerable  period  elapsed  between 
the  formation  of  the  primary  and  secondary  rocks. 
The  fragments  are  always  those  of  lower  rock^,  and 
never  of  the  upper  strata.  In  some  situations  im- 
mense beds  of  loose  conglomerate^  composed  of 
large  fragments  and  boulders  of  the  lower  rocks, 
separate  the  slate  rocks  from  the  calcareous  forma- 
tions :  such  conglomerates  may  be  regarded  as  oc* 
cupying  the  geological  place  of  greywacke^  and 
belonging  to  the  greywacke  formation. 

The  old  red  sandstone^  about  which  so  much  has 
been  written  and  so  little  understood,  is  a  grey- 
wacke coloured  red  by  the  accidental  admixture  of 
oxide  of  iron.  In  Monmouthshire^  the  relations  of 
red  sandstone  with  greywacke^  and  the  passage  of 
one  rock  into  the  other^  may  be  distinctly  observed ; 
the  connection  also  with  the  lower  gritstone^  under 
the  mountain  limestone^  may  be  plainly  traced. 
Here  then  we  have  the  mountain  limestone  with  its 
alternating  beds  of  grit^  the  red  sandstone  and  the 
greywacke^  evidently  members  of  the  same  forma- 
tion ;  and  to  make  the  connection  more  complete^ 
the  red  sandstone  contains  beds  of  limestone^  which 
form  the  link  between  the  lower  transition^  and  the 
upper  transition  limestones.    This  limestone  is  im- 
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perfect^  being  in  term  ixed  with  siliceous  particles;  it 
is  of  a  greenish  colbur^  and  hence  called  Gooseberry 
limestone.  The  red  sandstone  also  passes  into 
clay  ston€^  as  well  characterized  as  that  of  tlie  Pent- 
land  Hills* 

The  old  red  sandstone  possesses  all  the  mineral 
characters  of  greywacke  except  the  colour^  which 
is  a  quality  that  can  never  be  considered  of  impor- 
tance^ being  chiefly  derived  from  local  or  accidental 
causes.     The  old  red  sandstone  also  occupies  the 
geological  position  of  greywacke^  and  greywacke 
slate^  into  which  it  passes  merely  by  a  change  of 
colour.     The  principal  reason  why  it  has  not  been 
generally  recognised  as  belonging  to  the  grey- 
wacke formation  is^  that  it  has  frequently  been  con- 
founded with  the  red  sandstone  above  the  coal  for- 
mation :  they  greatly  resemble  each  other^  and  it  is 
not  yet  clearly  ascertained^  whether  the  red  sand- 
stone in  some  parts  of  England  be  the  old  red  sand- 
stone or  the  new.    Until  English  geologists  shall 
renounce  their  prejudices^  and  place  the  old  red 
sandstone  and  mountain  limestone  in  the  Transi- 
tion Class^  as  greywacke^  and  tratisition  limestone, 
every  attempt  will  be  vain  to  identify  this  part  of  the 
geology  of  Etigland  with  that  of  the  Continent : 
particularly  as  the  Alpine  limestone  of  foreign  geo- 
logists, is  a  very  different  formation  to  the  transition 


*  Frcm^jhe  qoantity  of  oxide  of  iron  and  of  red  marie  kk  some 
beds  of  the  old  red  sandstpae,  and  ffdm  its  passage  Mo  day* 
stone,  I  am  inclined  to  believe  *  that  the  red  sandstone  of  Mon- 
moathshire  has  partly  been  formed  by  the  decomposition  of  an 
ancient  basaltic  formation,  which  has  "become  intermixed  with 
greywacke.  • 
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limestone,  comprising  the  several  fbrmationA  of 
limestone  above  the  coal  strataj  and  new  red  sand« 
stone,  or  what  the  French  cidl  Gris  bigarrd. 

Tratmtion  limesUme.'-^ThiB  is  one  of  the  most 
important  of  the  transition  rocks :  its  mineral  charac* 
ters  vary  cdnsiderably,  according  to  the  nature  of 
the  rocks  with  which  it  is  associated ;  it  has  gene** 
rally  a  subcrystalline  texture,  and  is  more  or  )es$ 
translucent  on  the  edges.  From  the  degree  of  hard'' 
ness  which  it  possesses,  it  will  take  a  good  polish : 
most  of  the  coloured  marbles  are  transition  lime- 
stone. The  prevailing  colour  is  blueish  gray,  but 
it  is  sometimes  red,  brown,  or  black ;  the  Iow«r  beds 
of  this  limestone  are  often  beautifully  variegated^ 
veined,  and  spotted.  It  may  be  stated  generally,  that 
transition  limestones.are  sddom  so  perfectly  crystal^ 
line  as  primary  limestones^  and  Uiey  have  rarely  the 
compact  and  earthy  texture  of  secondary  limestones. 
Transition  limestoneoccursinbeds  alternating  with 
slate,  grey wacke,  greywacke  slate,  and  coarse  grit- 
stone. Some  of  these  beds  are  of  considerable  thick- 
ness^ and  fiorm  mountain  tpafli^es^  The  lowest  beds  al- 
ternate with  slate;  tliey  contain  few  organic  remains. 
The  variegated  limestone  of  Devonshire  is  of  this 
kind.  Sometimes  numerous  thin  strata  of  slate  and 
transition  limestone  alterQate,  and  are  much  bent 
and  contorted.  A  very  remarkable  instance  of  this 
occurs  at  Drewsteignton  near  Moreton  in  Devon- 
shir^  where  a  series  of  thin  strata  of  dark  lime- 
stone, alternate  vtrith  strata  of  indurated  slate,  and 
are  bent  and  folded  in  various  directions.  Were  we 
to  take  a  number  of  alternating  sheets  of  black  and 
brown  paper,  and  fold  them  nearly  round  a  wine 
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decanter^  and  tlran  bend  them  back  oirer  this  lower 
folds^  we  should  ha?e  a  not  unapt  representation  of 
the  singular  contortions  of  the  strata  in  this  place, 
where  they  are  exposed  to  view  by  extensive  quar-* 
ries  cut  in  the  rock. 

The  remarkable  contortions  of  the  beds  of  trans- 
ition limestone  and  slate^  imply  the  operation  of  a 
cause  that  could  not  only  bend  but  soften  the  strata; 
and  were  we  to  admit  that  ^nite  has  once  been  in 
a  state  of  fusion^  and  been  protruded  through  the 
outer  crust  of  the  globe,  the  immediate  contiguity 
of  these  bended  strata  to  the  granite  of  Dartnklor 
might  indicate  the  agent  by  which  the  effects  were 
produced.  Near  Dudley^  in  Staffordshire^  we  have 
another  remarkable  instance  of  the  bending  of  beds 
of  transition  limestone ;  but  this  is  in  the  vicinity  of 
basaltic  rocks,  which  are  now  admitted  to  be  of 
igneous  origin. 

The  limestone  at  Wren's  Nest,  near  Dudley,  con- 
sists of  two  beds,  one  ten,  and  the  other  fourteen 
yards  thick,  resting  upon  beds  of  soft  and  imperfect 
limestone  and  sbale,  called  toUd  measures.  The 
two  beds  of  limestone  are  separated  by  similar 
strata  of  wild  measures  thirty-eight  yards  in  thick* 
ness,  and  are  raised  up  together  in  a  position  ap- 
proaching to  vertical,  and  are  folded  round  the  hill 
inclosing  a  space  of  about  fifty  acres,  with  a  double 
wall  of  limestone  rising  above  the  country,  like  an 
oval  tower  widening  at  the  lower  part. 

If  two  sheets  of  pasteboard  were  separated  by 
a  quire  of  writing-paper  and  laid  flat,  and  a  blunt 
metallic  rod  were  thfust  through  the  whole  from 
beneath,  it  would  force  the  lower  sheet  of  paste- 
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board  through  the  upper  sheets,  and  represent  the 
present  position  of  the  strata  at  Wren's  Nest  Hill. 
At  Dudley  CasUe  Hill,  about  a  mile  distant^  the  beds 
of  limestone  are  bent^  and  dip  on  each  side  of  the 
hill.     (See  a  section  of  this  Hill,  Plate  3.  fig.  4.) 

The  transition  limestone  of  Dudley  is  not  covered 
by. any  beds  of  the  upper,  transition  or  mountain 
limestone,  but  by  strata  about  seventy-six  yards  in 
total  thickness^  composed  of  imperfect  limestone 
and  sandstone,  which  separate  it  from  the  lowest 
coal  measures.  It  is  therefore  to  be  particularly 
noticedj  that  the  coal  strata  which  in  most  of  the 
coal  districts  in  England  rest  upon  the  upper  trans- 
ition or  mountain  limestone^  in  this  part  of  Stafford- 
shire rest  upon  the  lower  transition  limestone.  The 
remarkable  fossil  the  trilobite^  called  the  Dudley 
fossil,  occurs  principally  if  not  entirely  in  a  stratum 
under  the  first  limestone.  There  are  shells  in  what 
are  called  the  wild  measures^  but  they  are  in  a  soft 
and  decomposing  state. 

The  lower  transition  limestone  in  England  and 
Wales  js  not  a  very  extensive  formation  :  it  skirts 
the  granite  of  Dartmoor^  and  part  of  the  Malvern 
Hills  ;  it  extends  in  a  narrow  belt  fromWenlock  in 
Shropshire,  to  Caermarthen  in  Wales,  and  is  ge- 
nerally accompanied  with  soft  greenish  schistose 
strata,  called  provincially  Dye  Earth,  which  contain 
numerous  impressions  of  shells.  A  few  patches  of 
this  limestone  occur  in  various  parts  of  the  slate 
districts  in  Wales  and  Cumberland.  This  part  of 
the  transition  limestone  series,  is  chiefly  remarkable 
for  its  organic  remains;  it  is  rarely  metalliferous. 

The  upper  transition  or  mountain  limestone  is^ 
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as  I  hare  before  stated^  the  iimestone  to  which  the 
French  geologists  gave>  par  excellence,  the  dame  of 
Caleaire  de  transition.  It  is  by  many  English 
geologists  considered  as  a  distinct  formation  from 
the  lower^  or  what  they  call  the  true  transition  lime* 
stone ;  and  it  is  said  to  be  ''  separated  from  it  by 
the  important  formation  of  the  old  red  sandstone  :'' 
bat  the  latter  is  only  a  variety  of  grey  wacke^  and 
is  acknowledged  even  by  those  who  make  it  a  dis- 
tinct formation^  to  graduate  into  greywacke^  and 
possess  all  the  general  characters  of  that  rock,  ex* 
cept  that  it  is  coloured  red.  It  contains  in  some 
situations  beds  of  imperfect  limestone^  which  may 
be  said  to  connect  the  lower  transition  and  moun- 
tain limestones  in  one  formation^  tc^ther  with  the 
associated  beds  of  greywacke^  red  sandstone^  and 
gritstone. 

Mountain  limestone  is  one  of  the  most  important 
calcareous  rocks  in  England  and  Wales,  both  from 
its  extent,  the  thickness  and  number  of  its  beds,  the 
quantity  and  variety  of  its  organic  remains,  and  its 
richness  in  metallic  ores,  particularly  of  lead.  In 
Derbyshire,  where  the  different  beds  of  limestone 
have  been  pierced  through  by  the  miners,  the  ave- 
rage thickness  of  the  three  uppermost  is  about  160 
yards ;  the  beds  are  separated  by  beds  of  trap  or 
basalt,  resembling  ancient  lavas.  The  fourth  or 
lowest  limestone  has  not  been  pierced  through. 
The  three  beds  of  limestone  are  distinctly  stratified ; 
the  prevailing  colour  is  gray :  some  of  the  strata  in 
the  upper  limestone  bed,  seem  almost  entirely  com- 
posed of  the  fossil  remains  of  encrinites.  In  the 
northern  part  of  Yorkshire,  and  in  Westmoreland 
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and  Cumberland,  the  beds  (jS  numntain  Itmestone 
alternate  with  beds  af  grejwacke  slate^  and  coarse 
fandfitone,  la  North  Wales^  and  in  Somervetshire^ 
mountain  limestone  fiirms  entire  mountain  masses 
of  vast  thickness,  distinctly  stratified ;  the  strata  often 
varying  in  colour,  and  sometimes  in  the  nature  of 
their  organic  remains. 

The  beds  of  mountain  limestone  vary  very  much 
in  different  parts  of  England  in  their  number  and 
thickness ;  even  the  quality  of  the  limestone  of  tlie 
same  stratum  sometimes  varies  much  in  the  same 
mountain.  At  Llanymynahy  a  low  mountain  cbxn^ 
posed  of  this  limestone^  the  quality  of  the  limestotie 
on  one  side  of  the  hill  is  considered  by  the  lime* 
burners  of  the  very  best  kind ;  while  at  a  litde  dt^ 
stance  the  same  strata  are  so  impure,  from  an  in-* 
termixture  with  sand  and  clay,  that  they  cannot  be 
Used  with  advantage :  but  what  is  more  remarkable, 
I  have  seen  in  this  hill,  a  stratum  of  the  best  lime- 
stone, lying  regularly  between  other  strata,  sud- 
denly terminate,  and  a  whitish  calcareous  marie 
occupy  its  place,  and  preserving;  the  same  degree 
of  thickness,  and  the  same  direction.  As  these 
strata  contain  marine  organic  remains,  and  were 
deposited  at  the  bottom  of  the  ocean,  we  may  sup- 
pose that  a  submarine  current  had  prevented  the 
limestone  from  extending  further,  and  supplied  its 
place  by  a  deposition  of  clay,  before  the  stratum 
above  was  deposited.  In  the  former  case,  where 
the  strata  of  good  limestone  become  in  some  parts 
calcareous  and  impure,  we  may  suppose  that  sub- 
marine currents  carrying  away  particles  of  sand, 
had  intermixed  them  with  the  calcareous  depositions 
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ia  cme  part^  but  not  in  another.  Indeed  this  sud- 
den change  in  the  iquality  of  the  limestone^  h  m 
common  in  that  part  of  Wales,  that  the  workmen 
have  given  to  it  the  expressive  name  of  BaUc  stone. 
When  I  was  first  informed  of  the  balk  stonoj  and 
saw  that  it  impeded  the  operations  of  the  quarry- 
men^  I  expected  to  have  found  a  dyke  of  basalt^  and 
was  surprised  to  observe  a  mass  of  stratified  lime- 
stone of  an  impure  quality^  cutting  through  the 
best  limestone  like  a  thick  wall,  and  left  standing, 
the  good  limestone  being  worked  away  on  each 
side  of  it.  This  wall  of  limestone  was  of  a  darker 
colour  than  the  rest ;  it  contained  the  Remains  of 
encrinites#  It  is  owing,  I  conceive,  to  irregula- 
rities in  the  dqKMition  of  the  strata,  from  causes 
attending  their  original  formation,  that  soft  and 
irregular  beds  or  masses  df  clay  occur  in  mountain 
limestone,  which  have  probably  been  washed  out 
by  subterranean  currents  of  water,  and  formed  ex- 
cavations and  .caverns  of  considerable  magnitude. 
Many  instances  might  be  cited  of  considerable 
streams,  and  even  rivers,  ingulphed  in  mountain 
limestone,  and  rising  again  at  the  distance  of  several 
miles.  In  the  northern  counties  these  openings 
are  called  Swdlow  Holes.  Mr.  Farey  has  enume- 
rated twenty-eight  swallow  boles,  in  the  mountain 
limestone  of  Derbyshire. 

It  is  in  the  lower  beds  of  mountain  limestone 
that  enormous  natural  caverns  frequently  occur; 
such  are  the  well-known  cavern  near  Gastleton,  and 
Pools^hole  near  Buxton  in  Derbyshire,  and  Yordas 
cave  under Whernside  in  Craven.  Grordal  Scar  and 
Weathcrcote  Cave  in  the  same  district^  cannot  pro* 
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perly  be  called  cavernsy  as  they  are  open  to  the  day ; 
but  the  latter  was  probably  onee  a  cavern^  of  wbtcb 
the  roof  has  fallen  in.  In  ail  these  caverns^  and 
others  that  I  have  observed  in  this  limestone^  there 
is  a  stream  of  running  \fater^  which  is  more  or  less 
copious  in  rainy  or  dry  seasons ;  and  I  am  inclined 
to  believe  that  the  caverns  have  been  formed  by  the 
agency  of  water  percolating  through  natural  fissures^ 
and  in  the  lapse  of  ages  excavating  the  softer  or 
more  broken  parts  of  the  rock.  The  prodigious 
force  with  which  these  subterranean  streams  rush 
through  the  openings  of  some  of  these  caverns^ 
after  continued  rains^  suggests  the  probability  of 
this  mode  of  formation.  The  whole  of  that  enor* 
mous  mass  of  limestone  in  Craven^  from  Ingle* 
borough  and  Whernside  toGordal^  is  intersected  by 
perpendicular  fissures^  which  are  narrow  at  the  top^ 
and  become  wider  as  they  descend^  through  which 
the  water  may  be  heard  to  run  at  a  vast  depth  be- 
low. These  unseen  but  ever-active  streams  are 
slowly  but  progressively  wearing  down  the  internal 
parts  of  these  calcareous  mountains^  and  depositing 
them  in  the  sea. 

The  limestone  of  Derbyshire  contains  thick  beds 
of  trap  or  basalt.  In  one  or  two  instances  the  Der- 
byshire trap  has  been  observed  to  assume  the  co- 
lumnar structure.  Other  beds  contain  cavities  filled 
with  calcareous  spar :  they  are  provincially  caUed 
Toadstone^  the  amygdaloid  of  mineralogists.  Some 
varieties  have  a  near  resemblance  to  lava,  and  were 
supposed  by  Mr.  Whitehurst  to  have  been  forced 
between  the  beds  of  limestone  when  in  a  state  of 
fusion.     Were  we  to  admit  their  igneous  origin^  a 
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more  naturtd  supposition^  I  conceive  would  be^  that 
they  were  formed  at  distant  periods  of  time^  by  suc- 
cessive ^eruptions  of  submarine  volcanoes^  wh^ 
these  mountains  were  covered  by  the  ocean ;  for  it 
cannot  be  doubted  that  they  were  once  under  the 
sea.  From  recent  observations^  we  have  reason  to 
believe  that  the  agency  of  submarine  volcanoes  is 
very  extensive.  Probably  many  of  the  differences 
observed  in  volcanic  products  and  basaltic  rocks, 
were  occasioned  by  the  different  circumstances  to 
which  they  were  exposed  after  their  eruption,  on 
dry  land,  or  under  the  incumbent  pressure  of  the 
waters  of  the  ocean. 

The  upper  transition  or  mountain  limestone  in  En* 
gland  is  particularly  metalliferous;  the  principal  ores 
are  those  of  lead  and  zinc;  they  occur  principally  in 
veins.  Nearly  all  the  lead  obtained  from  the  English 
mines  is  found  in  the  mountain  limestone.  Ores  of 
copper  occur  in  small  quantities  in  this  limestone. 

Most  of  the  fossil  organic  remains,  both  in  the 
upper  and  lower  transition  rocks,  are  of  genera  that 
are  not  found  in  the  secondary  limestones.  Some  of 
the  upper  beds  seem  almost  entirely  composed  of 
encrinites :  madrepores  and  corallites  occur  abun- 
dantly in  the  middle  part  of  this  formation. 

Quartz  Rock. — Rocks  composed  entirely  of  cry- 
stalline grains  of  quartz,  sometimes  occur  among 
primary  and  transition  mountains.  Certain  causes 
appear  to  have  operated  locally,  and  separated  the 
quartz  and  felspar  of  granite  into  masses  of  consider- 
able size.  The  quartz  rock  in  the  county  of  Wicklow 
I  observed  to  be  formed  of  what  is  called  greasy 
quartz,  similar  to  that  in  numerous  veins  in  the  mica- 
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date^  near  its  junction  with  granite  in  the  adjacent 
mountains^  and  is  probably  cotemporaneom  with 
tl\e  veins.  According  to  Dr.  MacCuUoch^  the  quaitE 
rock  in  many  parts  of  ttie  Highlands  present  evi- 
dent indications  of  being  composed  of  fragments 
and  rounded  pieces  again  united^  and  is  hi  fact  a 
quartaose  greywacke  ot  grit.  Part  of  the  Li<^ey 
Hill  near  Bromsgrove  is  composed  of  granular 
quarts ;  and  similar  beds  occur  near  the  village  of 
HartshiU,  in  Warwickshire,  between  Atiierstone 
and  Nuneaton.  Quartz  rock^  as  distinguiriied  from 
quartzose  gritstone,  is  an  inconsiderable  formation, 
and  may  with  more  propriety  be  referred  to  the 
Transition^  than  the  Primary  Class. 

Jasper. '^^TioB  mineral  is  of  rare  occurrence  as  a 
constitu^it  part  of  beds,  or  of  mountain  masses ;  it 
differs  little  from  a  siliceous  flinty  slate,  but  is  gene- 
raUy  coloured  red,  brown,  or  yeUow^  and  is  opaque. 
It  contains  a  large  portion  of  the  oxide  of  iron  in 
its  composition.  The  beds  of  shale  in  the  cod  strata 
are  sometimes  converted  by  fire  into  a  substance  in 
every  respect  resembling  jaqier.  There  are  beds 
of  jasper  of  considerable  magnitude  in  some  parts 
of  the  Apennines  covered  by  rocks  of  serpentine. 
In  some  situations  beds  of  slaty  jasper  alternate 
with  Blate,  to  which  rock  they  appear  to  bear  the 
same  relation  as  flinty  slate.  Lydian  ston^e^  which 
is  a  black  siliceous  flint  slate,  is  by  some  geol^sta 
called  black  Jasper.  The  only  bed  t>f  jasper  that 
I  have  seen  among  the  English  rocks,  occurs  asso- 
ciated with  beds  of  manganese  ore  at  Doddiscomb« 
leigh  in  Devonshire.  Jasper  sometimes  occurs  in 
veins,  and  forms  nodules  in  baiBaltic  rocks. 
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Hornblende  rock  and  Greefwfone.-^Homblende 
rock  has  been  described  as  associated  with  primary 
rocks^  it  also  occurs  in  the  lower  transition  rocks. 
Transition  hornblende  presents  no  variety  of  cha- 
racter by  which  it  can  be  distinguished  from  Primary. 
Grreenstone  composed  of  felspar  and  hornblende^  in 
which  the  felspar  is  white^  and  sienitic  greenstone^ 
in  which  the  felspar  is  red^  sometimes  occur  in  beds 
among  transition  rocks^  particularly  of  slate.  But 
more  frequently  rocks  of  greenstone^  sometimes 
called  Trap^  occur  in  an  unconformable  position^ 
covering  rocks  both  of  the  transition  and  secondary 
class^  and  will  be  described  in  the  chapter  on  Un- 
conformable Rocks ;  after  the  description  of  the 
lower  sec<Midary  strata  containing  coal. 

Observations  on  Conformable  Transition  Rocks. 

The  order  of  saccessioa  in  conformable  transition  rocks  is  ex. 
tremelj  variable,  and  the  thickness  of  the  same  beds  differs  great!  j 
in  different  sitaations*  In  one  district  we  find  a  whole  uninter. 
mpted  series  of  calcareous  strata,  forming  entire  mountains ;  and 
in  an  adjacent  district  the  same  series  are  widely  separated  bj 
iatervenii^  beds  of  slate,  gceywacke,  or  sandstone  ;  and  many 
of  the  strata  which  occur  in  one  place^  will  often  be  wanting  la 
another.  We  hav^  before  observed,  that  calcareoof  transiiioB 
strata  are  ^subject  to  sudden  variations  of  quali^  in  the  same 
mountain:  we  cannot  therefore  be  surprised,  that  in  distant  dis. 
tricts  a  great  diversity  should  exist,  both  in.  the  number  and 
thickness  of  oalcsreous  strata  of  die  same  lormatioa ;  no  single 
stratum  can  be  regarded  as  an  universal  formation.  In  whatever 
manner  the  strata  were  deposited,  the  deposition  has  been  inter, 
mpted  by  causes  to  us  unknown,  which  have  accumulated  thick 
masses  in  one  situation,  and  prevented  their  formation  in  other 
parts.  With  respect  to  beds  composed  chiefly  of  the  fragments 
of  older  rocks,  it  is  evident  that  the  contiguity  to  rocks  which 
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w«re  most  easily  dirintegitited,  would  produce  thicker  beds  of 
fngmeDts  in  certain  situations  than  in  others,  and  that  their 
formation  must  be  local. 

The  organic  remains  found  in  transition  rocks,  belong  almost 
exclusivelj  to  genera  no  longer  existing,  and  which  do  not 
occur  in  the  upper  secondary  strata.  Vegetable  remains  are 
vare  in  transltioD  rocks ;  they  occur  sometimes  in  slate  rocks. 
The  trilobite  is  peculiar  to  transition  rocks ;  the  gigantic  species 
occurs  in  slate,  and  the  smaller  species  in  limestone.  TRe  ortho* 
ceratite  is  chiefly  found  in  transition  limestone ;  univalve  shells 
rarely  occur  in  it.  The  prevailing  fossils  in  this  class  are  madre- 
pores, corallites,  and  encrinites.  The  remains  of  vertebrated 
animalis  are  rarely,  if  ever,  found  in  transition  rocks*  Many  in- 
stances cited  by  foreign  geologists  of  vertebrated  animals  found 
in  this  class  of  rocks  are  erroneous ;  the  rocks  in  which  they  occur 
belong  to  the  secondary  strata.  And  itshould  be  known,  that 
some  English  conchologists  have  described  fossil  remains  from 
specimens  collected  in  particular  counties,  without  knowing  pre. 
dsely  their  true  localities,  or  whether  they  were  found  in  situ 
or  in  diluvial  deposits.  In  the  near  vicinity  of  the  transition 
limestone  in  Derbyshire,  I  have  collected  gryphites  and  numn. 
lites,  and  even  the  fossils  of  the  chalk  formation,  but  they  had  no 
relation  to  the  ancient  limestone  ;  they  were  found  in  beds  of 
gravel. 

Conformable  transition  rocks  cover  the  primary,  and  sometimes 
alternate  with  them  5  they  are  also  associated  with  the  lowest  beds 
of  the  coal  formation,  so  that  no  well  marked  division  can  be 
traced  between  them :  but  there  is  one  character,  independent 
of  all  ardficial  arrangements,  which  serves  to  distinguish  transi* 
don  rocks  from  the  upper  secondary  strata,  in  countries  where  the 
regular  coal  formation  is  found.  All  rocks  under  the  coal  form- 
ation belong  either  to  the  transition  or  primary  class ;  and  all  the 
strata  above  the  coal  formation,  belong  either  to  the  upper  se- 
condary or  the  tertiary  class.  The  geological  position  of  the  regu- 
lar coal  formation  thus  serves  as  a  simple  and  intelligible  key  to  the 
geology  of  all  countries  where  the  coal  formation  occurs.  But 
where  the  coal  strata  are  absent,  the  difficulty  of  determining  the 
class  to  which  certain  rock  formations  belong,  is  often  very  great. 
Of  this  we  have  a  striking  instance  in  the  perplexed  attempts  of 
foreign  geologists  to  classify  the  vast  calcareous  formations  of  the 
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Jara,  and  the  outer  range  of  the  Alps ;  and  the  perplexity  is  further 
increased,  by  the  mistakes  which  are  made  in  referring  to  the  En- 
glish mountain  limestone,  by  confounding  it  with  the  calcaire  alpin 
or  alpine  limestone.  The  alpine  limestone,  according  to  some  geo- 
logists, is  a  transition  limestone ;  but  according  to  other  geologists, 
it  is  analogous  to  the  magnesian  limestone  under  the  new  red 
sandstone,  and  also  comprises  the  lias  limestones  and  the  oolites. 
Indeed,  I  am  convinced  that  in  the  vicinity  of  the  Alps,  rocks 
analogous  to  the  chalk  formation,  have  not  unfrequently  been 
classed  with  transition  limestones.  These  mistakes  have  arisen 
from  a  desire  to  make  observations  agree  with  preconceived 
theories,  and  the  artificial  arrangements  which  Werner  had  in. 
vented.  Thus  it  was  taken  for  granted,  that  the  granitic  monn. 
tains  of  the  Alps  being  primary,  the  calcareous  mountains  must  be 
primary  also  ;  and  when  organic  remains  were  first  discovered  in 
them,  the  geologists  in  France  were  greatly  surprised,  and  seemed 
nnwilling  toadmi^  the  fact :  at  length,  by  a  painful  and  reluctant 
effort,  they  removed  all  these  mountains  from  the  primary  to  the 
transition  class.  A  more  Herculean  labour  remains  to  be  per. 
formed, — that  of  removing  many  of  these  mountains  still  higher, 
into  the  upper  secondary  class.  In  the  vicinity  of  Moutiers  in 
the  Tarentaise,  where  M.  Brochant  first  observed  some  organic 
remains  supposed  to  belong  to  transition  rocks,  I  discovered  the 
Patella  and  other  fossils,  peculiar  to  the  upper  secondary  strata. 
In  parts  of  France  at  a  distance  from  ttie  Alps  and  the  Jura, 
the  mineral  character  of  the  secondary  strata  might  alone  serve 
io  identify  them  with  the  English  lias,  oolites,  and  chalk  ;  but 
in  the  range  of  the  Jura  and  the  outer  ranges  of  the  Alps,  the 
calcaraous  formations  are  of  such  immense  magnitude,  and 
the  beds  are  often  so  highly  indurated  and  crystalline,  that  it  is 
only  from  their  relative  position  and  imbedded  fossils  that  we 
can  trace  their  analogy  to  the  English  strata,  or  to  the  secondary 
strata  in  the  north  of  France. 
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CHAPTER  VIII. 

ON   THE   LOWER   SECONDARY    STRATA   COM- 
PRISING THE  REGULAR  COAL  FORMATION. 

The  Y«latiYe  Geologfcal  Position  of  Coal  Strata.— Wood  Coal. — 
Mineral  Coal.— Arrangement  of  the  Strata  in  Coal-fields. — 
Concavities  or  Basins  in  which  Coal  Strata  are  deposited. — In. 
tersectiotis  bj  'FsLultn  or  Dykes. — ^Their  Effects  on  Water  in' 
Coal  Mines. — Pecnliar  Positions  of  Coal  Strata  in  certain 
Districts. — On  the  Mode  of  Searching  for  Coal.— Irolistone 
accompanjTing  Coal.— Precautions  necessary  in  the  Establish, 
ment  of  Iron  Furnaces.— On  Carbon  as  an  original  const!. 
taent  part  of  the  Globe.— On  the  Origin  of  Coal  and  its  De- 
position in  Freshwater  Basins  or  Lakes. — Experiments  of 
Dr.  MacCnlloch  on  the  Conversion  of  Vegetable  Matter  into 
Coal. — On  imperfect  Coal  Formations  beyond  the  limits  of 
the  regular  Coal  Strata. — Hints  to  Landed  Proprietors  re- 
specting the  probability  of  finding  Coal  and  Rock  Salt  in 
Districts  where  they  are  at  present  undiscovered. — Coal  Mines 
in  France,  &c.— On  the  Consumption  of  Coal  in  England,  and 
the  period  when  it  will  be  exhausted. 

It  has  been  stated  in  the  preceding  chapter^  that 
the  upper  conformable  transition  rooks  are  fre- 
quently associated  with  the  fewer  series  of  secondary 
strata ;  so  that  from  their  position  and-minerafl  cha-^ 
racters  alone^  no  well  marked  line  of  division  could 
be  drawn  between  them  :  there  is  however  a  truly 
remarkable  difference  in  the  nature  of  the  organic 
remains  in  the  transition  rocks^  and  in  the  lower 
secondary  strata.  In  the  transition  series^  the  or- 
ganic remains  are  almost  exclusively  those  of  marine 
animals^  which  are  believed  to  have  lived  in  the 
deepest  parts  of  the  ocean.  In  the  lower  secondary 
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strata  coviering  the  tmnsition  rocks^  the  organic 
remains  belong  almost  exclHsively  to  the  vegetable 
kingdom  J  and  are  analogous  to  the  native  plants  oif 
v^arm  or  tropical  dimates.  These  strata  also  con- 
tain much  carbonaceous  and  bituminous  matter, 
and  frequently  altemate  with  regular  beds  of  coal. 

The  strScmg  change  in  the  nature  olP  these  or- 
ganic lemaiDs^  frpm  marine  ah  rmais  to  vegetables^ 
marka  that  a  great  revolution  had  tidten  place  in  the 
ccodhion  of  oar  present  ^ontinetitSjl  ^fter  the  forma- 
tion of  the  anouMain  limestone^  and  before  the  de- 
position of  tha  coal  strata:  To  whatever  causes  we 
are  to  attribote  this  change^  it  has  also  been  attended 
with  mother  effect  not  less  remarkable :  after  this 
period  the  foraiation  of  metallic  veins  appears  to 
have  almost  ientirdy  ceased^  for  they  very  rarely 
shoot  up  into  the  secondary  strata  which  alternate 
with  the  principal  beds  of  coal. 

We  have  a  remarkable  instance  of  this  change 
from  animal  to  vegetaUe  remains  iti  the  prevailing 
rocks  of  some  pf  the  tidrthern  coiinties.  The  moun- 
tains of  tranaition  limes^ne  which  extend  through 
the  Peak  of  Derbyshire,  and  through  Craven  in 
Yorkshire,  abound  exclusively  with  the  organic 
remains  of  marine  animals.  They  are  covered  on 
the  eastern  side  by  two  thick  beds,  which  contain 
carbonaceous  and  bituminous  matter  and  vegetable 
impressions.  The  lowest  is  from  one  hundred  and 
fifty,  to  one  hundred  and  seventy  yards  in  thickness. 
It  is  called  by  Mr.^  Farey*  Limestone  shale,  because 
it  occurs  over  limestone.    It  is  composed  principally 
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of  thin  strata  of  shale  and  sandstone.  Where  it  is 
exposed  to  the  air^  it  is  of  a  dark  reddish-brown  co- 
lour ;  over  this  lies  a  bed  of  coarse-grained  siliceous 
sandstone,  not  less  than  one  hundred  and  thirty 
yards  in  thickness.  It  has  been  called  Millstone 
grit  by  Mr.  Whitehurst  and  the  miners  in  the  north 
of  England,  from  being  used  for  the  purposes  of 
millstones.  These  two  beds  separate  the  metalli- 
ferous limestone  from  the  coal  strata  in  that  part  of 
England  ;  for,  though  thin  seams  of  coal  sometimes 
are  met  with  in  them,  they  do  not  contain  any  of 
sufficient  thickness  to  be  worked.  In  the  counties 
of  Northumberland  and  Durham,  the  separation 
between  the  strata  containing  animal  remains,  and 
those  which  contain  exclusively  vegetable  remains, 
is  not  so  distinctly  marked.  In  the  lower  part  of 
the  great  series  of  strata  of  micaceous  sandstone, 
shale,  gritstone,  and  coal,  which  togiether  comprise 
the  coal  formation  of  those  districts,  there  are  some 
beds  of  limestone,  and  a  few  seams  of  imperfect 
coal  under  the  limestone ;  but  the  upper  part  of  this 
series,  to  the  depth  of  nearly  one  thousand  feet,  con- 
tains organic  remains  belonging  almost  exclusively 
to  the  vegetable  kingdom. 

Coal  is  a  mineral  too  well  known  to  require  a 
particular  description.  Mineralogists  divide  co^l 
into  two  species, — Brown  coal,  and  Black  coal;  the 
former,  sometimes  called  wood  coal,  is  chiefly  found 
in  diluvial  or  in  alluvial  ground.  It  contains, 
besides  charcoal  and  bitumen,  various  vegetable 
principles,  and  the  branches  or  trunks  of  trees 
partially  decomposed,  which  mark  the  origin  of 
this  kind  of  coal. 
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Black  coal^  or  common  coal^  is  composed  of  char- 
coal^ bitumen^  and  earthy  matter.  The  latter 
forms  the  ashes  which  remain  after  combustion : 
these  vary  in  proportion  in  different  coals^  from  two 
to  near  twenty  per  cent.  The  proportion  of  bitu- 
men varies  from  twenty  to  forty  per  cent^  and  the 
charcoal  from  forty  to  more  than  eighty  per  cent. 

Mineralogists  have  enumerated  many  different 
kinds  of  black  coal :  several  of  these  pass  by  gra- 
dation into  each  other  in  the  same  mine.  The  roost 
important  varieties  in  an  ceconomical  view  are  the 
hardxoal^  like  that  of  Staffordshire^  and  bituminous 
or  caking  coal^  called  in  London  Sea  coal. 

Blacky  or  common  coal,  occurs  in  regular  strata, 
which  vary  in  thickness  from  a  few  inches  to  several 
feet  or  even  yards.  Many  strata  of  coal  often  oc- 
cur under  each  other,  separated  by  strata  of  indu- 
rated clay>  micaceous  sandstone^  coarse  gritstone^ 
ironstone^  and  soft  bituminous  slate  calledshale, 
and  loose  stones  and  clay  called  rubble.  The  se- 
ries of  strata  which  occur  in  one  situation  is  de- 
nominated a  coal-field. 

Every  district  has  its  peculiar  series  of  strata  un- 
connected with  any  other:  hence,  the  series  of  stra- 
tified coal  have  been  denominated  independent  coal 
formations. 

Coal-fields  are  of  limited  extent,  and  the  strata 
frequently  dip  to  a  common  centre,  being  often 
arranged  in  basin-shaped  concavities,  which  appear 
to  have  been  originally  detached  lakes,  that  were 
gradually  filled  by  repeated  depositions  of  carbona- 
ceous and  mineral  matter.  In  some  of  the  larger 
coal-fields,  the  original  form  of  the  lake  cannot  be 


traced^  but  in  the  sfiaUer  ones  it  is  dbtinctly  pre- 
served. 

The  different  strata  under  a  bed  of  coal  are  fre*^ 
quently  similar  to  the  strata  oter  it;  anid  the  same 
series  is  again  repeated  under  the  lower  beds  of 
eoalj  and  fsometimes  with  a  perfect  similarity  both 
in  the  succession  and  thickness  of  each.  In  some 
in«tapces  a  single  bed  of  «tone  of  vast  thickness^ 
separates  two  beds  of  cOaL  In  other  instances^  only 
a  very  thin  stratum  of  shale  or  clay  lies  between 
coal  b^ds. 

Though  numerous  beds  or  seams  of  coal  occur  in 
one  coal-field^  very  rarely  more  than  three  of  these 
are  worked.  The  thickness  of  the  coal  strata  in  the 
same  coal-field  0f(en  varies  from  a  few  inches  to  se- 
veral yards ;  but  each  stratum  generally  preserves 
the  same  thickness  throiilghout  its  whole  extent.  In- 
stances to  the  contrary  sometimes  ocCur^  in  which 
the  same  bed  will  b^coiQe  narrower,  or  wider^  and 
sometimes  be  divided  by  a  strati]^  of  incombudtible 
earthy  matter,  in  different  parts  of  ita  course.  Few 
beds  of  coal  are  worked  at  a  g^eat  depth  which  are 
less  than  two  feet  in  thickness.  The  stratum  lying 
over  a  bed  of  coal  is  called  the  roof^  and  the  stra- 
tum under  it  the  floor.  The  fecility  of  getting  coal 
depends  very  much  on  the  compactness  of  the  stone 
which  forms  the  roof^  not  only  oi^  account  of  the 
security  from  falling,  but  for  keeping  out  the  upper 
water  and  preserving  the  pit.ia  a  dry  state.  The 
great  expense  incurred  in  supporting  the  roof  when 
it  is  loosOj  frequently  prevents  a  valuable  bed  of 
coal  from  being  worked,  or  absorbs  all  the  profit. 
In  some  situations  the  roof  is  indurated  clay,  im- 
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pregnated  with  bitumen  and  pyrites.  When  this 
falls  down^  and  is  intermixt  with  water  and  small 
coal  at  the  bottom^  it  takes  fire  spontaneously  ;  on 
which  account  the  miners  close  up  the  space  with 
common  day^. where  the  coal  fafts  been  worked^  to 
prevent  the  access  of  air  to  the  combustible  matter. 
This  kind  of  combustible  clay  is  called  toto  ;  it  is 
common  in  the  ABhbyKle*laf<Zouch  coaUfield^  and 
in.  Staffordshire.*— The  floor  or  stratum  on  which 
the  coal  Ites^  consists  of  clay  in  various  degrees  of 
induration^  and  is  almost  always  Of  that  kind  which 
will  resist  the  action  of  fire^  called  fire^day^  suited 
for  furnace,  bricks  and  crucibles.  (See  Mr.  Farcy's 
Derbyshire^  p.  179.) 

It  has  been  before  observed'  that  coal  strata  are 
frequently  bent.in  concavities^  resembling  a  trough 
or  basin^  dipping  down  on  one  side  of  the  field  and 
rising  on  the  other.  In  plate  S.  fig;  %.  the  section 
of  a  coal-field  is  rqpresented,  in  which  the  coal 
strata  c  c  d  d  are  incfined  in  this  manner^  but 
partially  dislocated  by  a  fracture  or  fault  aty.  The 
extremities  of  the  lowest  stratum  c  c  are  several 
miles  distant  in  some  coal-fields^  in  others  not  more 
than  one  mile. 

In  the  great  coal-field  or  basin  in  South  Wales^ 
the  strata  ace.  arranged  in  this  manner  over  an  ex- 
tent of  neariy  a  hundred  miles  in  lengthy  and  a 
variable  breadth  of  from  five^  to  twenty  miles.  It  is 
partly  broken  into  by  Caermardien  Bay^  but  it  forms 
an  extent  of  surface  exceeding  twelve  hundred 
square  miles.  It  contains  twenty-three  beds  of 
workable  coal,  which  are  said  by  Mr.  Martin  to 
make  together  ninetyrfiye  feet  m  thickness  of  this 
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valuable  mineral ;  this  will  yield  sixty-four  million 
tons  of  coal  per  square  mile.  The  thickest  bed  of 
coal  is  nine  feet ;  in  some  parts  there  are  sixteen 
seams. of  ironstone.  The  strata  of  this  vast  coal- 
field are  deeply  cut  through  by  valleys^  and  are  much 
broken  by  &ults^  and  the  quality  of  the  coal  varies 
greatly  in  different  parts  of  the  field. 

At  the  Clee  Hills  in  Shropshire,  the  breadth  of 
some  of  the  coal-fields  is  not  a  mile.  At  Ashby 
Wolds  in  Leicestershire,  in  the  central  part  of  the 
field  at  e,  Plate  3.  fig.  S.  the  main  bed  of  coal  is 
worked,  at  the  depth  of  two  hundred  and  forty  yards ; 
but  by  the  bending  and  rise  of  the  strata,  the  same 
bed  comes  to  the  surface  at  c,  about  three  miles 
distant.  The  depth  of  coal  strata  is  very  different 
in  different  situations,  and,  from  the  inclination  or 
bending  of  the  strata,  differs  much  in  the  same  dis- 
trict, as  will  be  evident  from  what  has  been  stated, 
and  from  an  inspection  of  the  last-mentioned  figure. 
Some  coal-fields  extend  in  a  waving  form  over  a 
district. 

On  the  eastern  side  of  England,  the  strata  gene- 
rally decline,  or,  in  the  miner's  language,  dip  to  the 
south-east  point:  on  the  western  side,  the  strata 
are  more  frequently  thrown  into  different  and  oppo- 
site directions,  by  what  are  called  faults  and  dykes. 

A  Fault  is  a  break  or  intersection  of  a  series  of 
strata,  on  one  side  of  which  they  are  raised  or 
thrown  down ;  so  that  in  working  a  bed  of  coal,  the 
men  come  suddenly  to  its  apparent  termination.  A 
Dyke  is  a  wall  of  mineral  matter,  cutting  through 
the  strata  in  a  position  nearly  vertical.  The  name 
dyke  is  originaUy  derived  from  our  Northern  neigh- 
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hours ;  it  signifies  a  wall.  The  thiclcness  of  dykes 
varies  from  a  few  inches^  to  twenty  or  thirty  feet^ 
and  even  yards.  The  dykes  which  intersect  coal 
strata  are  composed  of  indurated  clay^  or  more  fre- 
quently of  basalt^  and  will  be  particularly  described 
in  the  following  chapter.  In  some  coal-fields  the 
strata  are  raised  or  thrown  down  on  one  side  of  a 
dyke  one  hundred  and  fifty  yards  or  more;  and  the 
miner  after  penetrating  through  it^  (see  Plate  3. 
fig.  3,)  instead  of  finding  the  same  coal  again^  meets 
with  beds  of  stone  or  clay  on  the  other  side  at  e  : 
hence  he  is  frequently  at  a  loss  how  to  proceed  in 
searching  for  the  coal  which  is  thus  cut  off.  If  the 
stratum  of  stone  e  be  the  same  as  any  of  the  strata 
which  were  sunk  through  in  making  the  pit  or  shaft 
g  gjit  proves  that  the  bed  of  coal  is  thrown  down 
on  the  side  of  the  fault  at  e,  and  he  can  determine 
the  exact  distance  between  that  stratum^  and  the 
coal  he  is  in  search  of.  But  if  the  stone  is  of  a 
different  kind  to  any  which  was  above  the  coal  c  c, 
he  may  be  certain  that  the  strata  are  raised  on  that 
side ;  but  to  what  distance  can  only  be  ascertained 
by  trials  if  the  under  strata  of  the  coal  bed  c  c  have 
not  been  previously  perforated.  It  frequently  hap- 
pens, however,  that  two  or  more  strata  of  stone  or 
shale  at  different  depths,  are  so  sipnilar  in  their  qua- 
lity and  appearance,  that  it  is  impossible  to  distin- 
guish them  :  in  such  cases  it  is  necessary  to  perfo* 
rate  the  stratum,  to  ascertain  its  thickness  and  exa- 
mine the  quality  of  the  strata  above  or  below  it,  by 
which  its  identity  with  any  known  stratum  may 
generally  be  ascertained.  The  manner  in  which 
the  strata  are  inclined  towards  the  fault,  will  also 
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dctoriniBc  wbfether  they  are  thrown  up  or  down^ 
prof  ided  they  are  not  shattered  where  they  come 
in  contact  with  it>  which  \b  frequently  the  case  *. 
Each  bed  of  coal  in  a  coalfield  has  certain  charac- 
ters by  whidi.it  marygeneraUy  be  known  to  be  the 
same.  Its  thickness^  and  the  quajity  of  the  roof 
and  floor,  with  that  of  the  upper  and  under  strata, 
generally  senre  to  identify  it,  though  it  may  sink 
deeper  in  one  place  than  a.nother,  and  vary  in  di^ 
stance  .from  the  suf&ce  -five  hundred  feet. 
.  The  dykes  which  intersect  coal  strata  are  gene* 
nally  impervions  to. water;  and  it  not  unfrequently 
happens,  that  where  the  strata  decline  to  them,  they 
hold  up  the  water  and  occasion  tarings  at  the  sur- 
face, or  keep  the  coal-works  on  that  side  of  the 
fault  under  vittter,  when  the  coal-works  on  the  other 
side  are  dry.  This,  will  be  better  understood  by 
referring  to  plate  5.  fig.<  2  and  3,  where  the  coal 
stmtaon  the  right  .hand  of  the  fiiults  decline  or  dip 
to  them;- and. tke  water  which  passes  through  or 
between  the  strnta. will  be  stopped  at  the  fiiults  and 
held  iipy  should  any  of  the  lower  strata  be  also  im- 
penrious,  *ia  which  case  the  coal  beds  to  the  right 
of  the  fault  will  be  under  water,  and  those  on  the 
other  side  dry.  Now  should  a  perforation  be  in- 
cautioasly  made  throi^  the  dyke>  all  the  water  will 
be  thvown  upon  the  works  on  the  left,  that  were 
befvre  dty.    Where  the  wall  cm  each  side  of  a  fiiult 


*  If  the  djke  make  an  acute  angle  with  the  upper,  surface  of 
the  strata,  they  are  thrown  up  on  that  side ;  but  if  it  make  an 
obttiee  angle,  th^j  are  thrown  down.  See  Plate  3.  fig.  2.  d  ; 
and  fig.  3.  d. 
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l^^loBgs  to  different  proprietors^  a  few  strokes  with 
tt  pickaxe  may  thus  do  incalcubJile  mischief  to  those 
on  the  one  side^  and.  render  great  service  to  the 
other^  by  laying  their  pita  dry. 

The  deepest  coal  mines  in  ESngland  are  those  in 
Northumberland  and  in  the  county  of  Durham, 
some  of  which  are  worked  nearly  three  hundred 
yards  below  the  sur&ce.  The  thickest  bed  of 
English  GoM  of  any  considerable  extent  is  the  main 
coal  in  Staffordshire^  which  is  thirty  feet.  The 
upperj  lower^  and  middle  parts  of  the  bed  differ  in 
quality.  Mr,  KeiTj  who  has  written  an  interesting 
account  of  the  mineralogy  of  the  sooth  of  Staffioord- 
shire,  says  that  thirteen  different  kinds  of  coal  occur 
over  each  other  in  this  bed ;  the  uppermost^  which 
is  compactj  serves  its  a  roof  in  getting  the  under 
coal.  At  the  Wood  Mill-hill  colliery  in  this  county, 
the  coal  is  said  to  be  forty-five  feet  thick ;  and  three 
beds  of  coal,  from  three  to  four  feet  in  thickness, 
bav)e  been  found  upder  it,  since  Mr.  Keir's  account 
wa^  published.  The  first  is  only  two  yards  under 
the  diick  coal.  The  main  bed  of  coal  in  the  Asfaby- 
de-la-y2jouch  coal-field  is  thirteen  feet  thick;  the 
-upper  and  lower  seams  of  this  bed  also  vaiy  in 
quality ;  and  the  top  serves  as  the  roof,  being  more 
compact  than  the  stratum  over  the  coal.  Few  bed^ 
of  coal  Jn  oilier  parts  of  Epghnd  or  in  Wales  ex^ 
cee4  from  six  to  nine  feet  ip  thickness;  but  a  dif* 
ference  in  the  quality  may  generally  he  observed 
in  the  upper,  lower,  and  middle  parts  of  the  same 
bed. 

A  curious  foct  is  stated  by  Mr«  Keir  respecting 
the  main   coal  of  Staffordshire :  — *In  one  situa- 


156  FAULTY  GROUND. 

tion  the  upper  part  of  the  bed  separates  from  the 
lower^  and  rises  to  the  surface^  or  crops  out.  It  is 
at  first  divided  by  indurated  clay  called  bind  or 
clunch  ;  but  as  the  distance  becomes  wider^  the  in- 
tervening stone  grows  harder^  and  will  strike  fire 
with  flint.  Similar  separations  take  place  some- 
times in  the  beds  of  coal  in  the  mines  of  Northum- 
berland and  Durham.  The  largest  known  bed 
of  coal  in  the  west  riding  of  Yorkshire  is  near 
Barnsley :  it  is  ten  feet  thick,  and  is  supposed  to  be 
formed  by  the  meeting  of  two  or  more  seams,  which 
soon  separate  again.  The  miners  have  not  been 
able  to  trace  the  same  bed  in  situations  where  it 
might  have  been' found,  had  it  preserved  the  same 
thickness  in  other  parts  of  its  course. 

Coal  strata,  beside  the  more  common  dislocations 
by  faults,  present  remarkable  contortions  which  it 
would  be  difficult  to  explain,  except  by  admitting  a 
lateral  force,  which  has  compressed  them  into  a  zig- 
zag form.  To  the  same  cause,  or  perhaps  to  a 
partial  sinking  of  the  earth,  we  may  attribute  the 
origin  of  what  is  csAled  faulty  ground,  which  fre- 
quently occurs  in  coal-fields.  In  this,  no  actual 
dyke  appears  to  have  been  formed ;  but  the  beds  of 
coal  with  all  the  accompanying  strata  are  so  broken 
and  shattered,  that  no  workings  can  be^carried  on, 
till  the  miner  has  got  through  them  into  regular 
strata.  These  broken  parts  of  the  strata,  called 
troubles  and  faulty  ground,  occasion  mUch  more 
difficulty  to  the  miner  than  common  faults  or  dykes, 
and  are  sometimes  of  great  extent. 
.  In  some  coal-fields  one  part  of  a  stratum  is  in- 
clined, and  the  other  part  vertical.     A  curious  fact 
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of  this  kind  may  be  seen  in  a  small  coal-field  near 
the  town  of  Manchester*. 

The  position  of  coal  strata  in  many  coal-fields 
may  be  represented  by  a  series  of  freshwater  mus- 
cle shells^  decreasing  in  size^  laid  within  each 
other,  but  separated  by  a  thin  paste  of  clay.  If  one 
side  of  the  shell  be  raised,  it  will  represent  the  ge- 
neral rise  of  the  strata  in  that  direction ;  and  if  the 
whole  series  be  dislocated  by  partial  cracks,  raising 
one  part  a  little  and  depressing  the  other,  to  re- 
present faults  in  the  coal,  it  will  give  a  better  idea 
of  the  coal-field  than  any  description  can  convey. 
We  are  here  to  suppose  that  each  shell  represents 
a  stratum  of  coal,  and  the  partitions  of  clay  the 
earthy  strata  by  which  they  are  separated.  The 
outer  shell  represents  the  lowest  bed  of  coal,  which 
may  be  many  miles  in  extent.  Now  if  a  much 
larger  shell  be  filled  with  sand,  and  the  lowest  shell 
be  pressed  into  Jt,  we  may  consider  the  large  shell 
to  represent  limestone,  and  the  sand  gritstone;  we 
shall  then  have  a  model  of  the  coal  strata  in  many 
parts  of  England,  and  their  situation  over  the  me- 
talliferous lime,  with  the  beds  of  sandstone  by  which 
tbey  are  separated  &6m  it. 

From  the  inclination  or  bending  of  coal  strata, 
they  always  rise  near  to  the  surface  in  some  parts 
of  their  course,  and  would  be  visible  if  not  covered 
by  soil  or  gravel.  In  the  intersections  formed  by 
rivulets,  or  by  accidental  fractures  on  the  sides  of 
hills  in  a  district,  the  nature  of  the  strata  may  often 

^  I  have  giyen  a  short  account  of  this  coal-field  in  the  second 
TolniBe  of  the  Transactions  of  the  Geological  Society. 


IflS  QV  BEASCHING  F.OR  COAL. 


be  detefoiiaed^  and  ihouU'i)e  adceitaiaed  before 
any  expense  be  incurred  la  borings  or  linking  for 
ooftl.  When  this  is  done^  a  proper  station  ishould 
be  dioaen;  which  recpiiMsgreat  jvdgemeAt :  other- 
wise it  is  possible  to  bore  or  si^  to  great  d^ths^ 
and  miss  a  bed  i>f  xsoal  which  esirts  very  near  the 
l^e :  this  will  be  evident  &oni  the  inspection  of 
tiie  two  atatiohs,  a  and  6^  Phrte  8»^  fig.  2  f  in  the 
latter,  it  would  be  impossible  to  meet  with  the  bed 
of  coal^  c,  because  the  search  is  made  beyond  the 
Une  wheoe  it  rises  to  the  surface^  or^  in  the  ikiiner^B 
language;  crops  out  At  a;  coal  would  be  found 
after  tinking  only  a  few  yards.  In  most  aituations 
it  is  better  to  seawh  for  coal^  as  deep  as  can  be 
done  without  expeneive  machinery,  by  sinking  a 
wdl  in  preference  to  boring.  -By  moking^  a  dcfei- 
sive  knowledge  of  the  nature  aiid  thickness  of  the 
strata  can  be  ascertained :  as  iar  as  ytou  descend, 
which  can  only  be  imperfectly  known  by  boring  ; 
for  the  Jatter  mode  is  liable  to  great  uncertainty  of 
rasuk,  from  *  bendioga  <3it  sKps  of  the  strata.  If,  for 
instapce,  the  bora?  be  iforked  in  the  situation  a, 
Plate  3.  fig.  S.  it  will  pass  through  a  great  d^h  of 
coal,  which  in  reality  may  not  be  more  than  a  £ew 
intdies  in  thickness.  Besides  the  unceitainty  of 
the  remits,  the  grossest  impositions  are  sometimes 
practised  to  answer  int»ested  purposes,  and  induce 
proprietors  to  c<>ntinue  the  search,  where  there  is 
no  reasonable  probability  'Of  success.  Where  coal 
strata  eomeito  the^ur&ce,  they  are  generally  in  a 
soft,  jiecompoaed  state,  and  intermixt  with  earthy 
matter.  They  firequently  present  uq  appearance 
of  coal,  but  the  soil  may  be  observed  of  a  darkw 


nuMrevMox  159 

colour.  The  reid  quality  of  the-  eosl  t^iniot  be  as- 
certained untH  it  is  found  below  in  its  natural  un- 
decomposed  stitte,  lying  betir^en  two  regular  strata 
of  stone^  or  iiidtirated  day.  In  general  it  is  ob- 
served that  fh^  sanife'  bed  improves  in  quality,  as 
It  sinks  deeper  intb  the  earth.  Coal  strata  are 
generally  split  or  dfvilriUe  into  rhomboidal  blocks^ 
by  vertical  joints,  which  range  about  E.S.E.  and 
W.N.W. :  these  are  called  «lines ;  the  oblique 
shorter  joints  are  dilled  cutters. 

From  What  VriU  be  stated  in  the  subsequent 
chapters,  it  wifl  Bippeat  that  there  \9  more  than  one« 
tiiTrd  of  England  in  whicb  a9!  search  for  valuable 
coal' is  useless^:  tire  knowledge  of  a  negative  fact 
becomes  important,  wtren  it  saves  us  from  loss  of 
time,  expense,  and  dfsarppointment. 

Coal  strata  are  frequently  accompanied  by  thin 
strata  of  ironstone.  This  stone  has  a  dark-brown 
or  gray  colour,  and  has  an  earthy  appearance  and 
fracture,  and  is  aibdut  three  tiroes  heavier  than  an 
equal  bulk  of  waiter*  Some  %inds  have  the  specific 
gravity  of  9*6.  ThoUgb  modem  mineralogists  call 
this  miji^ral  clay-ironstone  after  Werner,  from  its 
rdsetnblatlfce  to  argillaceous  stones,— -on  analysis  it 
U  found  to'contain  but  a  Tcry  minute  portion  of  alu- 
mine  or  pure  clay,  sometimes  not  more,  than  two 
j^cir  cent.  It  is  priticipally  composed  of  iron  com- 
bined with  oxygen,  caiftHynic  acid,  and  water;  atid 
a  small  quantity  of  silex,  and  in  some  instances  with 
calcareous  earth.  If  it  be  df  a  good  quality,  it 
yidds  morfe  than  thirty  pertient  of  iron.  In  some  of 
the  beds  of  day  over  coal,  detadhed  nodules  of  iron- 
stone occur,  which  are  dlso  smelted  for  iron. 
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The  vast  extent  and  importance  of  our  iron-workg 
are  well  known^  but  their  establishment  is  of  recent 
date.    Formerly  our  furnaces  were  on  a  diminutive 
scale,  and  wood  or  charcoal  was  the  only  fuel  em* 
ployed ;  but  in  the  present  cultivated  state  of  the 
country,  wocrd  could  not  be  procured  in  requisite 
quantity.     The  application  of  coal  or  coke  to  the 
smelting  of  iron  is  among  the  most  useful  of  mo- 
dern improvements ;  but  it  is  only  some  kinds  of 
coal  that  are  proper  for  the  purpose.     Inattention 
to  this  circumstance  has  frequently  led  landed  pro- 
prietors to  great  unprofitable  expense.     Finding 
ironstone  and  coal  in  abundance  upon  their  estates, 
they  have  constructed  furnaces  and  other  works  at 
a  considerable  cost,  and  have  discovered  too  late 
that  the  coal,  however  suitable  for  domestic  or  other 
uses,  was  unfit  to  make  iron  of  a  marketable  quality. 
To  make  good  iron  from  the  best  ironstone,   it  fs 
necessary  that  the  coal  should  be  as  free  as  possible 
from  every  substance  with  which  sulphur  is  com- 
bined.    It  should  possess  the  property  of  forming 
a  hard  coke  or  cinder;  and  if  it  have  the  quality  of 
cementing  or  caking,  it  is  the  more  valuable,  as  the 
small  coal  can  be  used  for  the  purpose  of  coking, 
which  is  frequently  wasted  where  it  does  not  pos- 
sess this  quality. 

Difierent  opinions  have  been  formed  respecting 
the  origin  of  coal.  In  the  primary  and  transition 
mountains,  a  particular  species  of  coal  occurs  in 
small  quantities,  which  is  extremely  hard  and  splen* 
dent,  aiid  burns  without  smoke  or  flame,  and  is 
called  by  mineralogists  Anthracite;  it  clearly  re- 
sembles, and  appears  to  pass  into  the  mineral  called 
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plumba^  or  graphite.  Common  coal  also  some* 
times  graduates  into  plumbago.  Plumbago  and 
anthracite  are  so  completely  mineralized  as  to  pre- 
sent no  external  indications  of  a  vegetable  origin  ; 
but  the  strata  over  common  coal  abound  in  vege- 
table impressions^  and  the  cortical  part  of  the  vege- 
table is  frequently  seen  converted  into  mineral  coaL 
It  is  not  often  that  vegetable  impressions  are  found 
in  the  coal  itself;  but  some  of  the  regular  coal  beds 
in  the  Dudley  coal-field^  of  which  I  have  specimens 
of  considerable  size  and  thickness^  are  composed  of 
distinct  layers  of  vegetables  converted  into  true  mi- 
neral coal ;  but  when  separated^  preserving  the  dis- 
tinct cortical  impressions  of  plants  throughout  the 
whole  thickness  of  the  coal :  and  it  is  reasonable  to 
believe^  that  all  the  coal  beds  in  the  same  field  are 
also  formed  of  similar  plants^  though  the  vegetable 
impressions  may  be  effaced.  Granting  that  common 
coal  is  originally  derived  from  the  partial  decompo- 
sition of  vegetables^  it  may  be  fairly  ^ked^ — ^from 
whence  did  the  vegetable  tribes  originally  derive  the 
carbon  of  which  their  solid  parts  are  principally  com- 
posed? Carbon  either  previously  existed  in  nature^ 
or  trees  and  plants  had  the  power  of  forming  it  from 
more  simple  elements.  Neither  of  these  opinions 
19  improbable^  nor  are  they  at  variance  with  each 
other.  If  carbon  be  a  compound  substance^  of 
which  hydrogen  is  a  constituent  part,  it  may  be 
formed  by  the  process  of  vegetation,  or  it  may  exist 
also  in  the  mineral  kingdom,  independent  of  or- 
ganic productions.  That  carbon  is  an  original 
constituent  elementary   part  of  the   globe,   can 
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scarcely  he  doubted^  when  we  consider  that  united 
with  oxygen  it  is  an  important  constituent  part  of 
all  limestone  mountains^  composing  nearly  one  half 
by  weight  of  their  substance^  or  44  of  carbonic 
acid  to  56  of  lime.  Now  the  quantity  of  carbon 
when  separated  from  the  oxygen^  would  be  equal  to 
one-eighth  of  the  whole  mass  of  limestone ;  and  as 
all  the  ancient  limestone  formations  were  deposited 
under  the  ocean^  we  cannot  suppose  that  this  car- 
bon was  derived  from  the  vegetable  kingdom.  Could 
the  carbon  be  separated  from  the  lime<>tone  in  the 
great  calcareous  ranges  of  the  Jura  and  the  Alps^  it 
would  form  a  bed  of  pure  carbon,  nearly  a  thousand 
feet  in  thickness,  through  the  vast  extent  of  these 
mountains :  and  were  we  forced  to  admit  that  this 
carbon  was  derived  from  organic  secretion,  we 
should  rather  look  to  the  animal  than  the  vegetable 
kingdom  for  its  origin ;  as  no  small  potion  of  many 
calcareous  mountains  is  composed  of  animal  re- 
mains, and  calcareous  beds  are  forming  in  our 
present  seas  of  great  extent  and  thickness,  by  the 
accumulation  of  shells  and  coral. 

Bitumen,  which  is  composed  of  carbon  and  hy- 
drogen, is  known  to  exude  from  the  lava  of  recent 
volcanoes;  and  the  volcanic  tufa  in  Auvergne, which 
covers  a  vast  extent  of  surface,  is  almost  every  where 
intermixed  with  bitumen.  In  hot  weather  I  have 
seen  it  trickling  out  of  the  tufa  in  considerable 
quantities,  resembling  melted  pitch.  As  the  ancient 
volcanoes  of  that  district  broke  out  from  beneath 
the  granite,  we  may  fairly  infer,  that  the  bitumen 
which  abounds  in  the  volcanic  tufa  is  as  much  a 


WOOD-COAL.  l€8 

mineral  substance  as  the  sulphur  which  accom- 
panies volcanic  eruptions^  or  which  is  sublime4 
from  the  vapours  of  quiescent  volcanoes. 

Though  the  carbon  in  primary  mountains  may 
be  derived  from  the  mineral  kingdom^  there  can 
scarcely  remain  a  doubt^  that  wood-coal  and  com* 
mon  coal  are  of  vegetable  origin.  Wood-coal,  or 
brown  coal,  is  found  in  low  situations,  and  appears 
to  have  been  formed  of  heaps  of  trees  buried  by 
inundations  under  beds  of-  clay,  sand,  or  gravel 
The  woody  parts  have  probably  undergone  a  cer- 
tain degree  of  vegetable  fermentation^  under  the 
pressure  of  the  incumbent  earthy  matter,  by  which 
they  have  been  carbonized  and  consolidated.  In 
some  specimens  of  this  coal,  the  vegetable  fibre  or 
grain  is  perceptible  in  one  part,  and  the  other  part 
is  reduced  to  coal.  The  vegetable  principles  which 
this  coal  contains,  united  with  bitumen  and  char- 
coal, have  been  already  stated.  In  black  or  common 
ooal,  the  vegetable  extract  and  resin  are  destroyed, 
and  the  charcoal  and  bitumen  alone  remain ;  but 
wood-coal  and  common  coal  bear  in  other  respects 
too  close  a  resemblance,  to  allow  us  to  ascribe  to 
them  a  different  origin,  though  they  were  probably 
formed  from  different  tribes  in  the  vegetable  king- 
dom, and  under  different  circumstances. 

Wood-coal  is  found  in  considerable  quantities  at 
Bovey  Heathfield,  near  Exeter.  Several  beds  of 
coal  are  separated  by  strata  of  clay  and  gravel :  the 
lowest  is  seventeen  feet  thick,  and  rests  on  a  bed  of 
clay,  under  which  is  sand  resembling  sea  sand.  The 
coal  in  contact  with  the  clay  has  a  brown  colour, 
and  appears  intermixt  with  earth.    In  other  parts 
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the  laminae  of  the  coal  undulate^  and  resemble  the 
roots  of  trees :  in  the  middle  of  the  lowest  stratum 
the  coal  is  more  compact^  and  is  of  a  black  colour^ 
and  nearly  as  heavy  as  common  coal. 

A  great  repository  of  this  kind  of  coal  exists  near 
Cologne  :  it  extends  for  many  leagues  :  it  is  fifty 
feet  in  thickness^  and  covered  with  a  bed  of  gravel 
from  twelve  to  twenty  feet  deep.  Trunks  of  trees 
deprived  of  their  branches  are  imbedded  in  this 
coal ;  which  proves  that  they  have  been  transported 
from  a  distance.  Nuts^  which  are  indigenous  to 
Hindostan  and  China^  and  a  fragrant  resinous  sub- 
stance^ are  also  found  in  it.  A  similar  resinous  sub- 
stance- occurs  in  the  Bovey  coal^  and  was  discovered 
vnth  fossil  wood  in  cutting  through  Highgate  Hill. 
Mr.  Hatchett^  by  whom  it  was  analysed^  has  given 
it  the  name  of  retinasphaltum. 

In  wood-coal  we  may  almost  seize  nature  in  the 
fact  of  making  coal^  before  the  process  is  completed; 
These  forikiations  of  coal  are  of  far  more  recent 
date  than  that  of  common  coal^  though  their  origin 
must  be  referred  to  a  former  condition  of  the  globe^ 
when  the  vegetable  productions  of  tropical  climates 
flourished  in  northern  latitudes.  The  vegetable 
origin  of  common  mineral  coal  appears  to  be  esta- 
blished by  its  association  with  strata  abounding  in 
vegetable  impressions^  by  its  close  similarity  to  wood- 
coal^  (which  is  undoubtedly  a  vegetable  product^) 
and  lastly,  by  the  decisive  fact,  that  some  mineral  coal 
in  the  Dudley  coal-field,  is  entirely  composed  of 
layers  of  mineralized  plants. 

But  though  the  vegetable  origin  of  mineral  coal 
may  be  satisfactorily  established,  th^re  is  consider- 
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able  difficulty  in  conceiving  by  what  proceas  so 
many  beds  and  seams  of  coal  have  been  re^larly 
arranged  over  each  other  in  the  same  place^  and 
separated  by  strata  of  sandstone^  shale^  and  indu- 
rated clay.  It  will  tend  to  simplify  the  inquiry^  if 
we  examine  a  coal-field  of  very  limited  extent;  such 
as  those  which  occur  in  small  coal-basins  called 
swiUofs  on  the  hills  in  the  west  riding  of  York- 
shire^ and  which  are  not  more  than  one  mile  in 
length  and  breadth.  It  seems  evident  that  these 
basins  have  once  been  small  lakes  or  marshes^  and 
that  the  strata  have  been  deposited  on  the  bottom 
and  sides,  taking  the  concave  form  which  deposi- 
tions under  such  circumstances  must  assume:  and 
it  is  deserving  notice,  that  the  stratum  of  coal 
which  in  one  of  these  coal-basins  at  Hudswell  is  a 
yard  thick  in  the  lowest  part,  gradually  diminishes 
as  it  approaches  the  edges,  and  then  entirely  va- 
nishes. This  fact  proves  that  the  present  basin- 
shaped  position  of  the  strata  was  their  original  one ; 
and  that  the  basin  at  the  period  when  the  coal  strata 
were  formed,  was  a  detached  lake  or  marsh,  and 
not  part  of  the  bed  of  the  sea. 

It  has  been  supposed  that  coal  strata  were  de- 
posited on  the  bed  of  the  ocean ;  but  this  is  not 
probable,  for  many  of  the  vegetable  species  whose 
remains  are  found  in  these  strata,  are  of  marsh 
plants ;  and  some  of  the  species  of  ferns  are  land 
plants,  and  probably  grew  on  dry  land  surrounding 
the  coal-basins  when  they  were  lakes. 

There  is  also  a  stratum  of  imperfect  ironstone 
or  highly  indurated  shale  in  the  Yorkshire  and 
Derbyshire  coal-fields,  called MuscUhindy  which  is 
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filled  with  shells  resembling  freshwater  muscles : 
and  tboug^h  there  may  be  shells  closely  allied  to 
them  in  form^  in  some  of  the  marine  limestones^  it 
deserves  notice^  that  the  substance  of  the  shells  in 
the  coal  shale^  at  least  wherever  I  have  seen  them 
in  the  Northern  coal*fietds^  has  that  cretaceous  or 
chalky  appearance  and  consistence^  which  I  have 
observed  to  be  peculiar  to  shells  in  what  are  re* 
g;arded  as  undoubted  freshwater  formations. 

If  the  basins  in  which  the  coal  strata  are  depo- 
sited were  orig^inally  freshwater  lakes  or  marshes^ — 
did  the  plants  whose  remains  compose  coal^  grow 
where  the  coal  is  now  found  ?  or  were  they  carried 
by  rivers  or  inundations  into  the  lakes^  and  gradually 
deposited  as  the  water  evaporated  ?  The  former 
is  parhaps  the  most  probable  hypothesis ;  as  there 
is  reason  to  believe  that  the  vegetables  were  prin- 
cipally species  of  reeds  or  aquatic  plants  :  and  the 
occurrence  of  the  same  peculiar  kind  of  fire  clay 
under  each  bed  of  coal^  favours  the  opinion^  that 
this  was  the  soil  proper  for  the  production  of  those 
plants  from  which  coal  has  been  formed.  If  we 
suppose  that  these  lakes  were  periodically  hid  dry, 
and  again  filled  by  sudden  inundations^  we  shall 
have  the  conditions  required  for  the  succession  of 
carbonaceous  and  earthy  strata  that  take  place  in  a 
coal-field  :  a  repetition  of  such  inundations  would 
fill  up  the  lake  or  basin.  Nor  can  such  a  supposi* 
tion  appear  improbable ;  for  as  the  species  of  plants 
whose  remains  are  found  in  the  coal  strata  are 
analogous  to  those  of  warm  climates,  we  may  infer, 
that  in  a  former  condition  of  the  globe,  these 
Northern  latitudes  had  the  temperature  of  tropical 
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regions,  and  also  the  hot  and  rainy  seasons  which 
promote  the  rapid  growth  of  vegetation^  and  oeca- 
sion  periodical  inundations. 

In  large  coal-basins^  where  the  coal  occurs  in 
beds  from  nine  to  thirty  feet  in  thickness^  we  can 
scarcely  conceive  it  possible^  that  a  mass  of  vege- 
table matter  sufficiently  large  to  form  such  beds^ 
can  have  been  collected  in  one  season :  these  thick 
beds  arej  however^  almost  always  divided  by  thin 
seams  of  clay.  The  thirty  feet  coal  of  Staffordshire 
is  composed  of  thirteen  different  beds^  which^  hav- 
ing but  thin  partings^  are  regarded  as  one  bed. 
The  thirteen  feet  bed  of  coal  at  Ashby  Wolds  is 
composed  of  two  or  more  beds  of  different  qualities. 

It  is  probable  that  some  of  the  coal  strata  in 
brge  coal-basins  have  been  formed  by  the  accumu- 
lation of  vegetable  matter  carried  down  by  inunda- 
tions^ and  gradually  deposited  in  the  bottom  of  lakes. 
Very  thin  seams  of  coal  sometimes  alternate  with 
the  shale  lying  between  two  large  beds  of  coal.  | 
have  on  the  table  before  me^  a  mass  from  the  Dud- 
ley coal-field^  in  which  part  of  two  beds  of  coal  are 
separated  by  a  stratum  of  indurated  clay  or  shale 
about  tw6  inches  in  thickness ;  and  this  stratum  of 
shale  contains  more  than  twenty  seams  of  coal^ 
none  of  which  exceed  the  thickness  of  a  wafer,  but 
the  coal  seams  are  distinctly  separated  from  each 
other  by  seams  of  shale.  These  thin  seams  of  coal 
and  shale  were  probably  formed  by  the  alternate 
deposition  of  leaves  or  minute  aquatic  plants  floating 
on  tlie  water,  with  the  earthy  particles  mechanically 
suspended  in  it.  In  very  large  coal-fields,  the  ori- 
gioAl  form  of  the  basin  or  lake  in  which  the  strata 


168  CONVERSION  OF 

were  deposited^  is  sometimes  nearly  effaced  by  ikults 
and  dislocations,  which  have  raised  or  cast  down  the 
strata  several  hundred  feet;  but  in  the  smaller  basins 
or  coal-fields,  the  original  form  is  often  distinctly 
preserved. 

The  plants  whose  remains  are  found  in  coal-fields 
possess  little  ligneous  internal  matter,  but  appear 
to  belong  chiefly  to  species  of  reeds  and  succulent 
vegetables ;  the  stems  of  the  larger  plants  being 
either  pressed  flat,  or  filled  with  sandstone,  iron- 
stone, or  indurated  clay,  without  any  vestige  of  or- 
ganization except  the  pith,  the  form  of  which  is  pre- 
served in  many  of  the  large  stems.  In  some  places, 
where  sections  are  made  in  sandstone  strata  accom- 
panying coal,  instances  of  fossil  stems  of  large  plants 
occur  in  a  vertical  position.  In  Bumtwood  quarry 
at  Althouse,  near  Wakefield  in  Yorkshire,  several 
vertical  stems  of  large  magnitude  have  been  found. 
One  stem  which  I  measured  in  the  quarry  was  nine 
feet  in  length  and  ten  inches  in  thickness  ;  but  what 
is  remarkable,  this  stem  cut  through  three  strata  of 
sandstone,  parted  by  regular  strata-seams :  it  had 
therefore  probably  grown  in  the  situation  where  it 
stood ;  for  it  is  difficult  to  believe  that  any  vegetable 
stem  could  pierce  through  three  strata  of  sandstone, 
the  lower  of  which  at  least  must  have  been  partly 
consolidated.  This  fact  further  proves,  that  the 
strata  were  deposited  rapidly,  before  the  decomposi- 
tion of  the  stem  could  be  effected. 

The  difficulty  in  explaining  the  conversion  of  ve- 
getable matter  into  coal>  has  been  in  a  great  measure 
removed,  by  the  luminous  observations  and  experi- 
ments of  Dr.  M acCulIocb,  on  wood  in  its  different 
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«tates  of  bitumenizatioQ^  from  submerged  wood^  to 
peat^  brown  coal^-^arturbiand^  and  lastly  to  jet^  in 
which  the  traces  of  organization  are  nearly  destroy^ 
ed.  These  substances^  which  have  been  only  sub* 
jected  to  the  action  of  water^  aU  yield  bitumen  by 
gentle  distillation :  but  they  differ  from  mineral  coal^ 
by  yielding  also  a  large  portion  of  acetic  acid^  which 
marks  the  remains  of  undecayed  vegetable  sub*- 
stances.  Common  coal  has  formerly  been  regarded 
as  a  combination  of  charcoal  with  bitumen  ;  but  as 
bitumen  is  itself  a  combination  of  carbon  with  hydro- 
gen^ Dr.  MacCulloch  says^  it  will  be  more  proper 
to  consider  coal  as  a  bitumen^  varying  in  its  com- 
position from  the  fattest  Newcastle  coal  to  the 
driest  Kilkenny  coal^  and  owing  its  compactness 
to  the  peculiar  circumstances  under  which  it  has 
been  formed^  the  changes  it  may  have  subsequently 
undergone^  and  the  substances  intermixed  with  it. 
The  power  of  yielding  naphtha  by  distillation^  is  the 
distinction  between  one  end  of  the  series  and  the 
other.  The  last  link  (anthracite,)  contains  only 
carbon ;  so  the  last  result  of  the  distillation  of  asphal* 
turn  is  also  carbon. 

To  convert  wood-coal  or  jet  into  true  coal^  some 
further  process  than  long  submersion  in  water  seems 
necessary.  The  latter  substance^  jet^  was  reduced 
to  powder^  and  put  into  a  gun-barrel  and  covered 
close  with  Stourbridge  clay ;  it  was  then  exposed 
to  a  moderate  red  heat.  By  this  process^  it  was 
converted  into  a  substance  having  sJI  the  external 
characters  and  chemical  properties  of  true  mineral 
coal^  and  the  clay  was  converted  into  coal  shale.  But 
though  in  the  laboratory  of  the  chemist  the  last  stage 
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of  the  fonmiticni  of  coal  reqaires  artificial  fire^  yet 
Id  the  ^reat  laboratory  of  Nature^  veg^ble  fer- 
mentation and  compression^  may  evolve  sufficient 
heat  for  the  ultimate  formation  of  mineral  coal.  It 
may  however  deserve  notice^  that  most  great  repo- 
sitories of  coal  are  intersected  by  beds  and  dykes 
of  basalt^  which  is  now  admitted  to  be  of  igneous 
origin  ♦. 

Pressure  and  time  alone  may  be  sufficient  to  pro- 
duce the  destruction  of  vegetable  organization^  and 
the  perfect  consolidation  of  beds  of  coal^  as  is  proved 
by  the  complete  consolidation  of  loose  materials  left 
in  coal  mines,  when  the  supports  are  removed  and 
the  upper  strata  sink  down.  In  a  few  years  scarcely 
a  trace  of  former  operations  remains.  In  contem- 
plating natural  causes,  we  are  too  apt  to  measure 
their  power  by  the  results  of  artificial  processes,  and 
by  observations  continued  for  a  short  portion  of  hu- 
man life.  The  substances  found  in  the  neglected 
vessels  of  the  chemist,  often  prove  to  us  that  changes 
in  the  physical  properties  of  bodies  are  effected  by 
time,  which  it  would  be  difficult  to  imitate  in  com- 
mon experiments. 

The  great  coal  formation  appears  to  be  confined 
to  the  lower  secondary  strata,  generally  resting  on 
transition  limestone.  In  some  situations,  the  under 
transition  rocks  are  wanting,  and  the  series  of  coal 

*  At  Mcisner  in  Hesse,  a  thick  bed  of  wood-coal  or  lignite 
is  covered  by  an  enormoas  mass  of  basalt,  and  is  only  separated 
from  it  by  a  thin  bed  of  clay.  The  upper  parts  of  the  lignite 
are  converted  into  anthracite  and  even  into  true  bituminons 
coal)  while  the  lower  parts  are  formed  of  earthy  and  fibroas 
woodiXoal. 
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strata  rest  on  granite^  with  the  interfeDtioo  of  a  thick 
bed  of  congloinerate.  No  mineral  coal^  both  good 
in  quality  and  abundant  in  quantity^  has  ever  been 
found  either  in  the  primary  or  in  the  lower  transi- 
tion rocks^  or  in  the  upper  secondary  or  the  tertiary 
strata.  It  is  true^  that  in  the  oolite  of  the  upper  se- 
condary strata^  some  strata  of  imperfect  coal  occur 
on  the  eastern  moorlands  of  Yorkshire^  which  are 
thought  of  sufficient  importance  to  be  worked ;  but 
the  coal  is  very  indifferent^  and  is  chiefly  used  by  the 
liroe-bumers.  The  Kiromeridge-day  in  the  oolites^ 
also  contains  beds  of  shale  impregnated  with  bitu- 
men^ which  is  used  as.fuel  in  a  country  where  coal 
is  extremely  dear.  The  wood-coal  of  Bovey  Heath^ 
field  has  been  already  noticed.  I  may  state  in  ad- 
dition, that  I  visited  the  mine  in  1815:  it  is  worked 
like  an  open  quarry ;  it  hieid  been  for  some  years 
previously  under  water,  but  was  then  laid  dry  by 
pumps.  There  are  several  irregular  beds  of  lignite 
or  wood-coal  alternating  with  what  is  called  dead 
coal,  which  is  less  inflammable,  and  resembles  a 
bituminous  shale  ;  the  beds  wedge  out  narrow  as 
they  descend.  The  whole  mass  is  more  or  less  bi- 
tuminized:  but  the  upper  part,  which  preserves  the 
woody  structure  more  perfectly,  seems  principally 
composed  of  clay.  Sulphate  and  carbonate  of  iron 
occur  in  some  part  of  the  beds,  and  rounded  pieces 
of  maltha.  Wood-coal  occurs  chiefly  in  diluvial 
deposits.  Where  wood-coal  occurs  with  overlying 
basalt,  it  is  converted  into  a  substance  more  nearly 
resembling  mineral  coal.  This  has  been  called  by 
the  German  geologists  the  flcetz  trap  formation. 
This  coal  occurs  in  Iceland,  in  the  north  of  Ir^nd^ 
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and  in  manyjbasaltic  districts  on  the  continent.  Be- 
fore concluding  this  brief  account  of  imperfect  coat 
formatbns^  out  of  the  limits  of  the  regular  coal 
formation^  I  would  direct  the  attention  of  geologists 
to  two  situations^  in  which  coal  is  founds  that  are 
well  deserving  of  notice.  The  first  is  the  mine  of 
Entreveines^  situated  in  a  mountain  valley  about 
8000  feet  above  the  lake  of  Annecy^  and  at  least 
9500  feet  above  the  level  of  the  sea.  The  bed  of 
fCoal  consists  of  three  minor  beds^  separated  by  thin 
seams  of  clay  varying  in  thickness^  yielding  about 
four  feet  of  good  coal^  which  has  the  character  and 
fracture  of  mineral  coal ;  it  is  shining^  does  not 
soil  the  fingers^  and  is  highly  bituminous^  being  ex* 
clusively  used  for  the  gas  lights^n  the  cotton-mills 
at  Annecy.  The  total  thickness  of  the  sandstone 
shale  and  coal  strata^  which  compose  the  coal  for- 
mation in  this  place^  is  about  one  hundred  and  fifty 
yards ;  they  are  placed  between  thick  beds  of  lime- 
stone^ and  dip  together  at  an  angle  of  about  seventy 
degrees.  It  is  worthy  of  observation^  that  the  lime- 
stone beds  above  and  below  the  coal  formation^  have 
the  hardness^  fracture^  transluency^  and  appearance 
of  the  transition  limestone  at  Plymouth;  yet  in 
another  part  of  the  mountain^  the  same  limestone 
is  associated  with  a  bed  of  dark  clay^  containing 
gryphites  and  belemnites^  clearly  indicating  that 
the  bed  was  analogous  to  our  lias  or  clunch  clay; 
and  that  the  limestone  associated  with  it^  notwith- 
standing its  mineral  character^  belonged  to  the 
upper  secondary  strata ;  and  hence  that  the  coal^  in 
geological  position^  agreed  with  the  imperfect  coal 
formations  in  the  English  oolites.     Here  then  we 
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have  a  further  proof  of  what  has  before  been  stated^ 
that  in  the  calcareous  formations  of  the  Alps^  the 
upper  secondary  strata  lose  the  soft  and  earthy  cha«- 
racter  which  distinguish  the  oolites  and  chalk  in 
England^  and  are  converted  into  marble.  The  coal 
also^  which  is  very  imperfectly  formed  in  the  En- 
gh'sh  oolite^  has  in  the  same  limestone  formation  in 
theAlps^  the  character  of  true  mineral  coal.  A 
still  more  remarkable  coal  formation  occurs  at  Alp- 
nach^  near  the  lake  of  Lucerne  in  Switzerland^ 
where  a  bed  of  coal  is  found  at  the  depth  of  two 
hundred  and  eighty  feet  from  the  surface :  over  the 
coal^  there  is  a  stratum  of  bituminous  limestone 
containing  fluviatile  shells^  and  bones  and  teeth  of 
the  large  mammalia^  particularly  the  teeth  of  a  spe- 
cies of  mastodon.  The  specimens  which  were  shown 
me  by  Professor  Meissner  of  Berne^  on  my  return 
from  the  Swiss  Alps^  made  me  regret  exceedingly 
not  having  visited  Alpnach.  Notwithstanding  the 
occurrence  of  the  bones  of  large  land  quadrupeds 
in  the  stratum  over  the  coal^  the  coal  approaches  in 
character  nearly  to  mineral  coal^  and  the  strata  of 
micaceous  sandstone  and  shale  above  it^  have  a  close 
resemblance  to  those  in  our  English  coal*fields :  and 
though  from  the  organic  remains^  we  are  compelled 
to  place  the  coal  of  Alpnach  among  the  tertiary 
strata^  or  to  admit  the  occurrence  of  an  anomalous 
formation  like  the  one  at  Stonesfield^  still  I  believe 
the  true  geological  position  of  the  coal  of  Alpnach 
is  problematical ;  and  it  deserves  the  particular  at* 
tention  of  some  English  geologist^  well  acquainted 
with  the  different  coal-fields  in  his  own  country^  and 
the  lignite  formations  in  different  parts  of  Europe. 


174  ON  tBARCHING  FOR  COAL 

It  will  be  f»een  by  a  reference  to  the  Geological 
Map,  and  the  Chapter  containing  an  Outline  of  the 
Geology  of  England^  that  there  is  a  considerable 
part  of  South  Britain  where  coal  has  not  been  found. 
Two  important  questions  may  be  asked ;— kIo  the 
coal  strata  extend  under  the  parts  where  coal  has  not 
yet  been  discovered  ?  And  if  they  do  extend  beyond 
their  present  known  limits^ — what  practicable  means 
can  be  employed  to  obtain  the  coal  ?  With  respect 
to  the  first  question — it  is  well  ascertained  by  boring, 
that  the  coal  strata  do  in  some  places  extend  under 
the  magneaian  limestone,  by  which  they  are  imme«- 
diately  covered  in  some  of  the  Northern  counties; 
though  it  was  formerly  supposed,  that  the  coal 
torminated  before  it  reached  the  magnesian  lime- 
stone, or  was  there  cut  off  by  a  fault.  In  a  con- 
siderable part  of  England,  the  coal-fields  are  imme- 
diately covered  by  what  is  called  the  red  marie  or 
new  red  sandstone ;  but  there  are  but  few  situations 
where  the  red  marie  and  sandstone  has  been  sunk 
through  for  coal.  I  am  however  decidedly  of 
opinion,  that  under  the  red  marie  adjacent  to  the 
coal  districts  in  my  native  county  Nottinghamshire, 
the  regular  coal  strata  would  be  found ;  and  that 
there  is  a  high  degree  of  probability,  that  rock  salt 
or  brine  springs  will  be  found  in  the  red  marie  itsell^ 
particularly  in  those  parts  of  the  county  where  beds 
of  massive  gypsum  occur.  The  same  remark  might 
be  extended  to  the  red  marie  and  sandstone  districts 
adjoining  coal  strata  in  Derbyshire,  Leicestershire, 
and  Warwickshire.  In  confirmation  of  the  opinion 
here  advanced,  a  saline  spring  has  very  recently 
been  discovered  about  four  miles  north«west  of 
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Nottingham ;  and  coal  has  been  lately  found  under 
the  red  marie  and  sandstone  on  the  south  side  of 
Charnwood  Forest^  where  it  had  not  before  been 
suspected  to  exist.  It  may  however  be  proper  to  say^ 
that  no  search  of  this  kind  by  boring  should  be  un- 
dertaken by  any  one^  to  whom  the  expense  in  case 
of  failure  would  be  a  serious  inconvenience. 

The  dip  and  direction  of  the  strata  in  the  coal- 
fields nearest  to  the  estate  where  the  search  is  to  be 
made^  should  be  well  known.  If  the  strata  dip 
towards  the  estate^  it  is  probable  the  coal  may  ex- 
tend under  it :  if  they  dip  from  it^  the  search  should 
not  be  undertaken.  To  make  this  intelligible^  see 
PlateS.  fig.  8.  a.  a.  a.  are  a  series  of  coal  strata^  or^ 
as  they  are  provincially  called^  coal  measures^  dipping 
toward  the  side  b.  c.c.  c.  are  strata  of  red  marie  or 
sandstone^  lying  unconformably  over  the  coal  strata. 
Now  according  to  this  arrangement,  a  search  for 
coal  might  be  successfal,  though  the  bed  might  be 
at  too  great  a  depth  to  be  worked.  Whereas  on  an 
estate  at  d,  as  the  coal  strata  dip  from  it,  were  we 
to  bore  to  the  centre  of  the  earth,  we  could  never 
find  the  beds  1.  2.  3.  4.  If  the  estate  b  is  situated 
a  considerable  distance  from  a  known  coal-field,  the 
atrataofcoal  may  bend  as  represented  PlateS.  fig.S. 
and  crop  out  before  they  reach  the  station  where  the 
trial  is  made;  and  as  the  outcrop  is  covered  by  the 
red  sandstone,  this  cannot  be  known  but  by  trial. 

Rock  salt  or  brine  springs  are  most  likely  to  be 
found  in  the  vicinity  of  massive  gypsum,  without 
regarding  the  stratification.  As  for  the  districts 
where  the  upper  secondary  strata  of  lias,  oolite,  and 
chalk  occur,  all  search  for  the  regular  coal  strata 
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must  there  be  fruitless ;  as  the  vast  thickness  of  these 
calcareous  formations  precludes  the  hope  of  suc- 
cess. 

Coal  inines^  it  is  well  known^  are  subject  to  fatal 
explosions  of  what  is  called  the  fire*dainp^  or  carbu- 
retted  hydrogen  gas.  This  gas  appears  to  be  gene- 
rated by  the  decomposition  of  iron  pyrites  in  coal> 
and  may  often  be  heard  issuing  from  the  fissures 
in  coal  beds  with  a  bubbling  noise^  as  it  forces  the 
water  out  along  with  it.  The  choke  damp^  as  it  is 
caUed^  is  either  carbonic  acid  gas  (fixed  air)^  or  the 
unrespirable  residue  of  air  left  after  explosions^ 
when  all  the  oxygen  is  consumed.  In  the  Appendix 
will  be  given  some  observations  on  the  ineffective 
means  hitherto  adopted^  to  prevent  the  frequent  re- 
currence of  fatal  accidents  in  coal  mines. 

The  regular  or  great  coal  formation,  has  never 
been  discovered  at  a  very  considerable  elevation 
fibove  the  level  of  the  sea :  it  generally  is  found 
towards  the  feet  of  great  mountain  chains,  or  in  the 
valleys  near  to  lofty  mountain  ranges.  The  geo- 
logy of  large  portions  of  the  globe  is  still  unknown ; 
but  it  appears  from  those  parts  with  which  we  are 
acquainted,  that  coal  is  principally  found  in  tem- 
perate regions,  between  thirty-five  and  sixty-five 
degrees  of  latitude.  In  Europe, — Great  Britain, 
France,  Flanders,  and  Germany,  (particularly  Si- 
lesia, Saxony,  Bohemia,  and  Thuringia,)  contain 
large  coal  formations ;  but  in  the  southern  and  more 
northern  parts  of  Europe,  coal  is  of  rare  occurrence. 
In  North  America,  coal  is  found  in  great  abundance 
on  the  western  side  of  the  Alleghany  mountains ; 
near  Pittsburg  in  Pennsylvania,  the  beds  of  coal^ 
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I  am  informed^  are  of  great  extent,  and  are  so 
nearly  horizontal^  that  in  one  situation  the  bed  of  a 
river  is  formed  for  several  miles  in  the  same  stratum  of 
coal.  Coal  has  been  discovered  in  New  Holland.  The 
only  great  coal  formations  in  Asia  that  we  know  of 
are  in  China^  where  coal  is  described  as  existing  in 
large  quantities^  and  as  being  extensively  used  for 
fuel  in  that  vast  empire. 

As  France  will  probably  continue  to  be  for  many 
centuries  our  great  manufacturing  rivals  it  is  inter- 
esting to  know^  what  are  her  resources  for  the  sup- 
ply of  an  article  found  so  essential  to  almost  all  the 
principal  manufactures  of  Great  Britain.  Before 
the  late  peace^  forty-seven  of  the  departments  con- 
tained coal  districts^  and  the  annual  consumption 
was  stated  to  be  about  five  million  tons ;  but  a 
great  part  of  the  rich  and  extensive  coal-field  ex- 
tending from  Valenciennes  to  Aix-la-Chapelle  was 
comprised  in  that  part  of  Flanders^  which  was  sepa« 
rated  from  France  at  the  peace.  There  are>  how- 
ever^ extensive  coal  districts  in  the  north-eastern^ 
the  western^  the  middle^  and  the  southern  parts  of 
France.  Two  miles  from  Lyons  there  are  coal 
mines;  and  the  coal  of  St.  Ettenne^  about  twenty 
miles  north-west  of  Lyons,  is  of  the  very  best  qua- 
lity, and  well  suited  for  the  manufacture  of  iron. 
In  the  year  1822,  when  I  passed  through  that  coun* 
try,  many  English  workmen  were  employed  in  the 
iron-works,  which  were  rapidly  increasing.  It 
cannot  be  doubted  that  France  possesses  every  ad- 
vantage, from  ils  soil,  its  climate,  and  its  mineral 
resources,  which  a  great  manufacturing  nation  can 
require. 
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Observations  on  the  Period  when  the  Coal 
Mines  in  England  will  be  exhausted. 

Coal  was  known,  and  partially  nsed,  at  a  rerj  early  period  of 
oar  history.  I  was  informed  by  the  late  Marquis  of  Hastings^ 
that  stone  hammers  and  stone  tools  *were  found  in  some  of  the  old 
workings  in  his  mines  at  Ashby  Wolds  ;  and  His  Lordship  in. 
formed  me  also,  that  similar  stone  tools  had  been  discovered  in 
the  old  workings  in  the  coal  mines  in  the  north  of  Ireland.  Hence 
we  may  infer,  that  these  coal  mines  were  worked  at  a  very  re- 
mote period,  when  the  use  of  metallic  tools  was  not  general. 
The  burning  of  coal  was  prohibited  in  London  in  the  year  1 308, 
by  the  royal  proclamation  of  Edward  the  First.  In  the  reign  of 
Queen  Elizabeth,  the  burning  of  coal  was  again  prohibited  in 
London  during  the  sitting  of  parliament,  lest  the  health  of  the 
knights  of  the  shire  should  suffer  injury  during  their  abode  in 
the  metropolis.  In  the  year  1643,  the  use  of  coal  had  become 
so  general,  and  the  price  being  then  very  high,  many  of  the 
poor  are  said  to  have  perished  for  want  of  fuel.  At  the  present 
day,  when  the  consumption  of  coal,  in  our  iron.fumaces  and 
manufactories  and  for  domestic  use,  is  immense,  we  cannot  but 
regard  the  exhaustion  of  our  coal  beds,  as  involying  the  de« 
struction  of  a  great  portion  of  our  private  comfort  and  national 
prosperity.  Nor  is  the  period  very  remote  when  the  coal  dis. 
stricts,  which  at  present  supply  the  metropolis  with  fueU  will 
cease  to  yield  any  more.  The  annual  quantity  of  coal  shipped 
in  the  rivers  Tyne  and  Wear^  according  to  Mr.  Bailey  ex. 
ceeded  three  million  tons.  A  cubic  yard  of  coal  weighs  nearly 
one  ton,  and  the  number  of  tons  contained  in  a  bed  of  coal  one 
square  mile  in  extent  and  one  yard  in  thickness,  is  about  four 
millions.  The  number  and  extent  of  all  the  principal  coal  beds 
in  Northumberland  and  Durham  is  known ;  and  from  these  data 
it  has  been  calculated,  that  the  coal  in  these  counties  will  last 
360  years.  Mr.  Bailey  in  his  Survey  of  Durham  states,  that  one. 
third  of  the  coal  being  already  got,  the  coal  districts  will  be  ex- 
hausted in  iOO  years.  It  is  probable  that  many  beds  of  inferior 
coal,  which  are  now  neglected,  may  in  future  be  worked;  but 
the  consumption  of  coal  being  greatly  increased  since  Mr.  Bailey 
published  his  Survey  of  Durham,  we  may  admit  his  calculation 
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to  be  «n  approzimation  to  the  trath,  and  that  the  ooai  of  Nortk- 
umberland  and  Durham  will  be  exhausted  in  a  period  not 
greatly  exceeding  200  years.  Dr.  Thomson,  in  the  Annals  of 
Philosophy,  has  calculated  that  the  coal  of  these  districts,  at  the 
present  rate  of  consumption,  will  last  1000  years  ;  but  his  calcu* 
latioos  are  foonded  on  data  manifestly  erroneous,  and  at  variance 
with  his  own  statements :  for  he  assumes  the  annual  consump* 
tion  of  coal  to  be  only  two  million  eight  hundred  thousand  tons, 
and  diewaste  to  be  one-third  more^— making  three  million  seven 
hundred  thousand  tons,  equal  to  as  many  squ|Lre  yards  ;  whereas 
he  has  just  before  informed  us,  that  two  million  chaldrons  of 
coal,  of  two  tons  and  a  quarter  aach  chaldron,  are  exported, 
making  four  million  five  hundred  thousand  tons,  beside  Inland 
consumption,  and  waste  in  the  working  *•  According  to  Mr. 
Winch,  three  million  fife  hundred  thousand  tons  of  coal  are  con. 
sumed  annually  from  these  districts ;  to  which  if  we  add  the  waste 
of  small  coal  at  the  pit*s  month,  and  the  waste  in  the  mines,  it 
will  make  die  total  yearly  destruction  of  coal  nearly  double  the 
quantity  assigned  by  Dr.  Thomson.  Dr.  Thomson  has  also 
greatly  overrated  the  quantity  of  the  coal  in  these  districts,  as 
he  has  calculated  the  extent  of  the  principal  beds  from  that  of 
the  lowest,  which  is  erroneous  ;  for  many  of  the  principal  beds 
crop  out,  before  they  reach  the  western  termination  of  the  coal- 
fields. With  due  allowance  for  these  errors,  and  for  the  quan* 
tity  of  coal  already  worked  out,  (which  according  to  Mr.  Bailej 
is  about  one.third),  the  1000  years  of  Dr.  Thomson  will  not 
greatly  exceed  the  period  assigned  by  Mr.  Bailey  for  the  com. 
plete  exhaustion  of  coal  in  these  counties,  and  may  be  stated  at 
three  hundred  and  fifty  years. 

It  cannot  be  deemed  uninteresting  to  inquire  what  are  the 
repositories  of  coal  that  can  supply  the  metropolis  and  the  south- 
ern counties,  when  no  more  can  be  obtained  from  the  Tyne  and 
the  Wear.  The  only  coal-fields  of  any  extent  on  the  eastern  side 
of  England  between  London  and  Durham,  are  those  of  Derby- 
shire and  those  in  the  west  riding  of  Yorkshire.    The  Derbyshire 

*  The  waste  of  coal  at  the  pit's  mouth  may  be  stated  at  one. 
sixth  of  the  quantity  sold,  and  that  left  in  the  mines  at  one-third. 
Mr.  Holmes,  in  his  Treatise  on  Coal  Mines,  states  the  waste  of 
small  coal  at  the  pit's  mouth  to  be  one-fourth  of  the  whole. 
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coal-field  is  not  of  raffident  magnitade  to  supply,  for  any  long 
period,  more  than  is  required  for  home  consumption,  and  that 
of  the  adjacent  counties.  There  are  many  valuable  beds 
of  coal  in  the  western  part  of  the  west  riding  of  Yorluhire 
which  are  yet  nnwrought ;  but  the  time  is  not  very  distant 
when  they  must  be  put  in  requisition,  to  supply  the  vast  demand 
of  that  populous  manufacturing  county,  which  at  present  con- 
sumes nearly  all  the  produce  of  its  own  coal  mines.  In  the 
midland  counties,  Staffordshire  possesses  the  nearest  coal  dis. 
trict  to  the  metropolis,  of  any  great  extent ;  but  such  is  the 
immense  dally  consumption  of  coal  in  the  iron-furnaces  and 
fonnderies,  that  it  is  generally  believed  this  will  be  the  first  of 
our  own  coal-fields  that  will  be  exhausted.  The  thirty-feet  bed 
of  coal  in  the  Dudley  coal.field  is  of  limited  extent ;  and  in  the 
present  mode  of  working  it,  more  than  two-thirds  of  the  coal  is 
wasted  and  left  in  the  mine. 

If  we  look  to  Wtutehaven  or  Lancashire,  or  to  any  of  the 
minor  coal-fields  in  the  west  of  England,  we  can  derive  little 
hope  of  their  being  able  to  supply  London  and  the  southern 
counties  with  coal,  after  the  import  of  coal  fails  from  Northum- 
berland and  Durham.  We  may  thus  anticipate  a  period  not 
very  remote,  when  all  the  English  mines  of  coal  and  ironstone 
will  be  exhausted :  and  were  we  disposed  to  indulge  in  gloomy 
forebodings,  like  the  ingenious  authoress  of  the  ^^  Last  Man,"  we 
might  draw  a  melancholy  picture  of  our  starving  and  declining 
population,  and  describe  some  manufacturing  patriarch,  like  the 
late  venerable  Richard  Reynolds,  travelling  to  see  the  last  ex- 
piring'English  furnace,  before  he  emigrated  to  distant  regions  *• 

*  The  late  Richard  Reynolds,  Esq.  of  Bristol,  so  distin- 
guished for  his  unbounded  benevolence,  was  the  original  pro- 
prietor of  the  great  iron-works  in  Colebrook  Dale,  Shropshire. 
Owing,  I  believe,  partly  to  the  exhaustion  of  the  best  workable 
beds  of  coal  and  ironstone,  and  partly  to  the  superior  advao. 
tages  possessed  by  the  iron-founders  in  South  Wales,  the  works 
at  Colebrook  Dale  were  finally  relinquished,  a  short  time  before 
the  death  of  Mr.  Reynolds.  With  a  natural  attachment  to  the 
scenes  where  he  had  passed  his  early  years,  and  to  the  pursuits  by 
which  he  had  honourably  acquired  his  great  wealth,  he  travelled 
from  Bristol  into  Shropshire,  to  be  present  when  the  last  of  his 
furnaces  was  extinguished,  in  a  valley  where  they  had  been  con- 
tinually burning  for  more  than  half  a  century. 
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Fortnnatelj)  however,  we  have  in  South  Wales,  adjoining 
the  Bristol  Chaonel,  an  almost  ezhaastless  sapplj  of  coal  and 
ironstone,  which  are  jet  nearly  unwrought.  It  has  been  stated 
in  the  present  chapter,  that  this  coal-field  extends  over  about 
twelve  hundred  square  miles,  and  that  there  are  twentj-three 
beds  of  workable  coal,  the  total  average  thickness  of  which  is  05 
feet,  and  the  quantity  contained  in  each  acre  is  100,000  tons,  or 
€5,000,000  tons  per  square  mile.  If  from  this  we  deduct  one 
half  for  waste  and  for  the  minor  extent  of  the  upper  beds, 
we  shall  have  a  clear  supply  of  coal,  equal  to  32,000,000  tons 
per  square  mile.  Now  If  we  admit  that  the  five  million  tons  of 
coal  from  the  Northumberland  and  Durham  mines  is  equal  to 
nearly  one-third  of  the  total  coiisumption  of  coal  in  England, 
each  square  mile  of  the  Welch  coal-field  would  yield  coal  for 
two  years'  consumption ;  and  as  there  are  from  one  thousand  to 
twelve  hundred  square  miles  in  this  coal-field,  it  would  supply 
England  with  fnel  for  two  thousand  years,  after  all  our  En^ish 
coal  mines  are  worked  out. 

It  is  true,  that  a  considerable  part  of  the  coal  in  South  Wales 
is  of  an  inferior  quality,  and  is  not  at  present  burned  for  domestic 
use  ;  but  in  proportion  as  coal  becomes  scarce,  improved  methods 
of  burning  it  will  assuredly  be  discovered,  to  prevent  any  sul. 
phurotts  fnmes  from  entering  apartments,  and  also  to  economize 
the  consumption  of  fnel  in  all  our  manufacturing  processes. 


N.B.  These  observations  are  taken  from  one  of  the  author's 
geological  lectures,  which  he  has  occasionally  delivered  in  some 
of  the  principal  mining  districts  in  England :  considering  the 
great  national  importance  of  our  coal  mines,  he  trusts  he  shall 
be  excused  for  inserting  them  in  the  present  volume. 
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CHAPTER  IX. 

ON  UNCONFORMABLE   ROCKS  OF  PORPHYRY^ 
TRAP  AND  BASALT,  AND  ON  BASALTIC  DYKES. 

The  different  Positions  of  Conformable  and  Unconformable 
Massive  Rocks  described. — Opinions  respecting  the  formation 
of  Unconformable  Massive  Rocks.— » Varieties  of  Trap  Rocks ; 
their  Passage  by  Gradation  into  each  other  and  into  Volcanic 
Rocks.-^Porphyfy,  Porphjritic  Trap,  Greenstone,  Sienite, 
Clinkstone,  Basalt,  Amygdaloid,  Wacke,  Pitchstone.-*- 
Passageof  Porphyry  and  variovB  Trap  Rocks  kilo  eaeh  other, 
and  into  Sienite  and  Granite,  at  Chiiatiania  in  Norway^i-^ 
Passage  of  Basalt  into  scoriaoeous  Lava  and  Obsidian.— 
Mountains  of  Porphyritic  Trap  and  Clinkstone  witk  deep 
Craters,  probably  formed  by  depression.-^Htgb  Stile,Comber- 
land.-^Cader  Id  ris,  Wales. — Basaltic  Dykes.^ — Colnmnar  and 
Massive  Basalt.^-Interstratified  Basalt.<«^trata  confntedly 
.broken  and  enveloped  tn  Basalt.^^-Organio  Remains  enve- 
loped in  Basalt. — Basalt  of  Scotland,  Ireland,  Auvergne,  and 
Iceland.— On  the  formation  of  Basalt. — Experiments  of  Mr. 
Watt. — Theoiy  of  Werner.— On  the  relative  age  of  Trap 
Rocks. 

JlHE  rocks  described  in  the  preceding^  chapters^ 
both  of  the  primary,  the  transition,  and  the  lower 
secondary  class,  generally  cover  each  other  in  a 
conformable  position;  and  where  they  occur  to- 
gether, their  arrangement  and  order  of  succession 
may  be  represented  as  in  Plate  3.  fig.  1.  where 
the  granite  a  is  covered  by  gneiss  h,  and  this  by 
mica-slate  c.  Next  succeed  the  slate  rocks  d  d,  with 
imbedded  or  subordinate  beds  of  flinty  slate,  or 
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limestone  (1).  Then  (ollavr  beds  (2)  of  conglome- 
rate^ separating  the  slate  from  the  transition  lime- 
stone and  grey wacke  (9.  d.d).  And  lastly^  the  lower 
secondary  strata^  comprising  the  great  coal  forma- 
tion. This  representation  is,  however^  rather  de- 
scriptif  e  of  a  general  tendency  to  such  an  arrange- 
ment^ than  of  its  universal  occurrence.  Frequently 
different  parts  of  the  series  will  be  wanting  in  dif- 
ferent situations.  Thus  in  Cornwall  the  gneiss  and 
the  mica-slate  are  absent^  except  in  two  localities.  At 
the  Malvern  Hills^  transition  limestone  rises  almost 
close  to  the  rocks  of  granite :  and  the  coalformation 
of  St.  Etienne  in  France  is  only  separated  from  the 
granite,  on  which  it  reposes,  by  a  thick  bed  of  can- 
gfomerate,  containing  rounded  stones  of  vast  size^ 
belonging  to  rocks  of  the  primary  class.  Here  all 
the  intervening  formations,  b.  c.  d.  and  e.  Plate  3. 
fig.  1,  are  wanting.  Whether  they  were  originally 
deposited,  and  have  been  subsequently  removed,  by 
the  agency  of  some  unknown  cause,  before  the  de- 
position of  the  coal  strata,  is  an  inquiry  that  can 
only  be  answered  by  conjectures  and  references  to 
analogies :  the  subject  will  be  hereafter  adverted  to. 
It  is  sufficient  to  our  present  purpose  to  remark, 
that  where  the  different  formations  that  are  wanting 
in  one  place  occur  in  another,  they  generally  cover 
rach  other  conformably  in  the  order  above  de- 
scribed. 

The  upper  secondary  and  the  tertiary  strata,  that 
succeed  the  different  classes  of  rocks  which  occur 
conformably,  Appear  to  have  been  deposited  not  only 
at  a  later  period,  but  under  different  circumstances; 
for  their  position  does  not  conform  to  that  of  the  lower 
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Tocks^  but  they  cover  the  outcrop  or  basset  of  the 
lower  bedsj  as  represented  Plate  I .  fig.  3 ;  they  are 
unconformable  stratified  rocks. 

Before  we  proceed  to  describe  the  upper  secon- 
dary strata^  it  will  be  necessary  to  bestow  particular 
attention  on  a  class  of  rocks^  that  has  greatly  per- 
plexed the  speculations  of  geologists :  they  are  the 
unconformable  rocks  of  porphyry^  trap^  and  basalt^ 
which  form  thesubjectofthepresent  chapter.  These 
rocksj  though  they  sometimes  occur  imbedded  in 
conformable  rocks^  more  frequently  cover  them  in 
an  unconformable  position^  composing  thick  un- 
stratified  beds,  and  often  mountain  masses  of  vast 
size,  that  have  not  uufrequently  a  columnar  struc- 
ture. Their  position  is  represented  Plate  3.  fig.  2. 
It  is  obvious  that  these  unconformable  rocks  were 
formed  and  deposited,  at  a  subsequent  period  to  that 
in  which  the  lower  rocks  were  consolidated,  and 
their  beds  had  acquired  their  present  inclined  po- 
sitions. As  the  unconformable  massive  or  unstra- 
tified  rocks,  are  many,  if  not  all  of  them,  allied  to 
rocks  whose  igneous  origin  is  now.  undisputed,  we 
might  have  little  difficulty  in  admitting  that  they 
had  been  poured  over  the  surface  of  the  conform- 
able rocks  in  a  state  of  fusion,  like  streams  of  lava 
from  recent  volcanoes;  with  this  difference,  that  they 
were  not  erupted  from  one  opening  or  crater,  but 
from  fissures  of  great  width  and  many  miles  or 
leagues  in  extent,  and  that  they  were  formed  under 
the  ocean.  I  say  we  might  have  little  difficulty  in 
admitting  this,  particularly  as  such  rehts  or  fissures, 
filled  with  similar  matter  to  that  of  the  overlying 
unconformable  masses,  are  often  discovwed  in  their 
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Ticinity :  but  there  are  other  appearances  which  seem 
opposed  to  the  igneous  origin  of  these  rocks.    In 
the  first  place^  similar  rocks  to  the  overlying  fi>rma- 
tions;  are  often  imbedded  and  intermixed  with  con* 
formable  rocks  in  a  conformable  position :  and  se- 
condly^ some  overlying  formations^  appear  to  pass 
by  gradation  into  rocks  of  the  primary  class.    Now 
if  we  admit  the  unconformable  masses  to  be  of  ig- 
neous origin^  we  can  scarcely  refuse  the  same  origin 
to  the  imbedded  rocks ;  and  thus  we  extend  the  do- 
main of  Pluto  over  a  larger  portion  of  the  crust  of 
the  globe^  than  many  geologists  wiO  allow.    It  must 
also  be  granted^  that  many  of  the  imbedded  rocks 
of  porphyry  and  porphyritic  trap^  which  alternate  or 
are  intermixed  with  slate  rocks^  cannot  be  supposed 
to  have  ever  been  erupted  like  lava;  but  they  may 
have  been  softened  by  subterranean  heat  in  situ, 
and  have  taken  the  porphyritic  texture^  and  the 
columnar  structure^  during  their  slow  refrigeration. 
If  we  sufficiently  keep  in  view  that  the  crust  of  the 
globe  with  which  we  are  acquainted^  does  not  ex- 
ceed^ in  comparative  thickness,  that  of  a  wafer  to 
an  artificial  ^obe  three  feet  in  diameter ;  and  that 
a  very  large  portion  of  the  globe  is  now  or  has  in 
ancient  times  been  rent  and  pierced  through  by 
active  volcanoes^  and  that  these  volcanoes  are  not 
the  seat  of  subterranean  fire,  but  merely  its  chim- 
neys, we  shall  have  no  difficulty  in  admitting,  that 
extensive  parts  of  the  crust  of  the  globe  may  have 
been  softened  by  internal  heat,  and  the  more  fusible 
beds  partly  crystallized  in  situ,  under  the  pressure 
of  the  ocean. 
Trap  rocks  sometimes  occur  between  thick  beds 
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of  marine  limeatone ;  but  in  such  instances^  we  may 
without  much  difficulty  admit  that  these  trap  rocks 
have  been  formed  by  submarine  volcanoes^  which 
have  poured  beds  of  lava  over  the  limestone  ;  an-^ 
oth^r  bed  of  limestone  may  have  been  subsequently 
formed  over  the  kva^  and  this  limestone  may  also 
have  been  covered  by  the  lava  of  a  later  eruption. 
In  this  manner  the  alternation  of  beds  of  basalt^  or 
basaltic  amygdaloid  with  limestone  in  Derbyshire^ 
may  admit  of  a  probable  explanation. 

With  respect  to  the  overlying  formations  which 
pass  by  gradation  into  primary  rocks,  as  some  por* 
phyries  allied  to  volcanic  rocks  pass  into  granite, — 
this  fact,  so  far  from  proving  that  the  porphyry  was 
not  of  igneous  origin,  would  tend  to  confirm  the 
hypothesis  which  attributes  an  igneous  formation 

to  granite  itself*.    It  is  granted  by  the  best  ob- 

— — ^^i— ii^-^-^—       II. ■■  ■■    iiiiii         1    ■  .■..^■■■■■i.i  ■     » 

*  Howeyer  highly  and  justly  distingnUhed  many  of  the  na- 
tural philosophers  in  France  may  be,  it  cannot  be  denied  that 
they  adhere  more  closely  to  theories  once  formed,  and  have  a 
greater  dread  of  thinking  for  tiiemselyes,  than  the  philosophers 
of  other  countries.  In  confirmation  of  this,  I  shall  translate  an 
extract  from  M.  Bonnard's  Aperfu  Geognosiifue  dei  Terrmins. 
It  is  truly  amusing  to  see  the  alarm  which  he  evinces,  lest  he 
should  be  compelled  by  stubborn  facts  to  relinquish  his  cherished 
dieories. — *^  Another  species  of  difficulty  should  prevent  every 
prudent  man  {esprit  sage)  from  attempting  to  explain  the 
formation  of  these  rocks  of  trachyte  by  any  hypothesis 
founded  on  volcanic  action;  namely,  the  alarmiog  extent  of 
the  consequences  which  may  follow  such  an  explication,  re** 
lative  to  other  rock  formations,  hitherto  regarded  as  having  a 
very  different  origin."  With  great  respect  for  M.  Bonnard, 
I  would  say,  Let  every  esprit  sage  yield  to  the  evidence  which 
Nature  presents,  and  leave  consequences  and  theories  to  take 
care  of  themselves* 
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servers^  that  a  regular  gradation  may  be  traced  be- 
tween granite  and  the  more  ancient  volcanic  rocks^ 
and  that  there  is  likewise  a  gradation  between  the 
products  of  ancient  and  recent  volcanoes.  Of  the 
former  we  shall  cite  a  well  attested  instance :  but 
before  proceeding,  it  will  be  proper  to  give  a  more 
ample  description  of  trap  rocks  than  has  yet  been 
done.  It  has  already  been  stated^  that  rocks  com- 
posed of  felspar  and  hornblende,  received  the  ge- 
neric name  of  Trap  rocks,  (a  name  derived  from  the 
Swedish  word  Irappa  a  stair,)  because  these  rocks 
frequently  divide  into  regular  forms  resembling  the 
steps  of  stairs.  Beside  the  intermixture  of  felspar 
and  hornblende,  there  is  also  a  frequent  intermix- 
ture of  felspar  with  augite,  to  which  the  name  of 
trap  rock  is  given  :  indeed,  hornblende  and  augite 
resemble  each  other  so  much  in  chemical  composi- 
tion, and  when  uncrystallized,  in  external  character 
also,  that  they  have  till  recently  been  confounded 
together,  and  they  often  occur  together  in  the  same 
rock.  These  compounds  of  felq>ar  and  horn- 
blende, and  felspar  and  augite^  form  the  different 
rocks  called  greenstone^  sienitic  greenstone,  ba- 
salt, clinkstone,  pitchstone,  wacke,  and  amygda- 
loid ;  and  also  trap,  porphyry,  and  pitchstone-por- 
phyry.  All  these  rocks  may  be  regarded  as  dif- 
ferent modes  and  combinations  of  felspar  with  born- 
Mende  or  augite,  differing  chiefly  in  their  internal 
structure* 

When  hornblende  and  felspar  have  a  granitic 
structure,  they  form  what  is  generally  called  green- 
stone, and  if  the  felspar  be  red,  sienitic  greenstone. 
When  hornblende  and  felspar,  or  augite  and  felspar. 
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are  intimately  combined  and  finely  granular^  they 
form  basalt.  The  French  geologists  make  a  distinc- 
tion between  the  basalt  in  which  augite  prevails^  and 
that  which  is  composed  of  felspar  and  hornblende; 
but  it  is  admitted  that  where  the  structure  is  finely 
granular^  or  nearly  compact^  it  is  difficult/  if  not 
impossible^  to  distinguish  them. 

Basalt  has  a  greenish  or  brownish  black  colour^ 
is  difficult  to  breaks  and  possesses  a  considerable 
degree  of  hardness ;  it  will  however  yield  to  the 
point  of  a  knife.  On  examination  with  a  lens^  even 
the  more  compact  varieties  of  basalt  are  seen  to  be 
composed  of  minute  crystalline  grains ;  it  frequently 
contains  yellowish  gprains  of  a  mineral  called  oli- 
vine; it  contains  also  grains  of  iron-sand^  and  a  con- 
siderable portion  of  the  black  oxide  of  iron.  Ba- 
salt is  fusible  into  a  black  glass^  and  is  magnetic. 
The  iron  which  it  contains^  passes  into  a  further 
state  of  oxygenation  when  exposed  to  the  air:  hence 
basaltic  rocks  are  generally  covered  with  a  reddish 
brown  incrustatloti.  Very  black  basalts  are  chiefly 
composed  of  augite. 

Soft  earthy  basalt  intermixed  with  green  earth 
forms  the  rock  called  wacke.  When  basalt  or  wacke 
contain  rounded  cavities^  filled  with  zeolites^  chal- 
cedony, or  calcareous  spar,  they  form  amygdaloid^. 
When  the  felspar  greatiy  prevails,  and  the  texture 
becomes  nearly  compact,  basalt  passes  into  the  rock 
called  phonolite  or  clinkstone,  from  its  yielding  a 


*  The  names  Porphyry  and  Amygdaloid  rather  represent 
modes  than  substances,  and  convey  no  precise  ideas  unless  the 
nature  of  the  base  be  specified. 
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metallic  sound  when  struck :  the  prevailing  colour 
is  gray  and  greenish  gray ;  it  is  fiisible.  Clinkstone 
when  it  has  a  more  earthy  texture^  passes  into  the 
rock  called  by  English  geok>gists  Clay  stone.  Clink- 
stone often  contains  imbedded  crystals  of  felspar, 
and  then  becomes  a  trap  porphyry^  which  varies  in 
colour  according  to  the  prevailing  ingredients  of 
its  base.  Between  felspar  porphyry  and  trap  por- 
phyry there  is  an  almost  imperceptible  transition ; 
in  the  former,  the  base  or  paste  is  felspar,  nearly 
pure.  Some  felspar  porphyries  pass  gradually  into 
granitOj  by  an  intermixture  with  quartz  and  mica. 
Pitchstone  has  a  blackish  green,  or  a  nearly  black 
colour;  it  is  a  semivitreous  substance^  having  the 
lustre  and  appearance  of  pitch ;  it  is  composed  of 
the  same  constituent  parts  as  basalt,  and  approaches 
nearly  to  the  black  volcanic  glass  called  obsidian^ 
which  is  a  lava  suddenly  refrigerated  and  perfectly, 
vitrified.  Pitchstone  and  obsidian  are  sometimes 
porphyritic.  Hence  we  have  on  the  one  hand  a  se- 
ries of  rocks,  (varying  only  in  the  increase  of  fel- 
spar, and  state  of  induration,)  from  granular  basalt 
to  clinkstone  and  claystone,  from  clinkstone  to  trap 
porphyry^  from  trap  porphyry  to  trachyte  and  fel- 
spar porphyry,  and  from  felspar  porphyry,  with  the 
further  admixture  of  mica  and  quartz,  to  granitic 
poiphyry  and  granite.  On  the  other  hand,  from 
granitic  greenstone  there  is  a  transition  to  sienite, 
and  from  sienite  to  true  granite.  Again :  in  the 
volcanic  districts  of  Auvergne,  we  see  scoriaceous 
lava  become  more  compact,  and  at  length  pass  into 
well  characterized  black  basalt,  with  the  columnar 
structure.     In  other  situations,  currents  of  lava 
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fonii  obsidian  or  Yolcanic  glass;  and  between  basalt^ 
phonolite^  and  pitchstone^  there  is  an  almost  ini'< 
perceptible  g^dation. 

Thus  it  may  be  seen  that  the  whole  family  of 
trap  rocks  have  on  the  one  hand  a  close  alliance 
with  volcanic  rocks ;  and  on  the  other^  with  the 
more  ancient  rocks  of  porphyry  and  granite. 

The  gradation  of  trap  rock^  having  in  some  parts 
a  volcanic  character^  into  true  granite,  has  been 
described  by  Messrs.  Hausmann  and  Von  Buch  as 
distinctly  observable,  and  well  marked,  in  a  moun- 
tain near  Ghristiania  in  Norway.  The  lower  rocks 
are  gneiss;  over  this  occurs  dark  slate;  and  in  the 
slate  are  several  beds  of  blackish  limestone,  contain* 
ing  trilobites,  and  also  orthoceratites  several  feet 
in  length,  with  other  marine  organic  remains.  In 
some  parts,  a  bed  of  gritstone  or  grey  wackc  rests 
on  the  slate.  The  whole  of  these  beds  are  covered 
by  an  enormous  mass  of  porphyry,  varying  in  thick-- 
ness  from  1600  to  2000  feet.  The  porphyry  is  of 
&  smoke  gray  colour,  but  is  reddish  in  some  parts ; 
it  is  compact,  and  moderately  hard,  and  contains 
large  crystals  of  white  felspar,  and  crystals  of  quartz, 
epidote,  hornblende,  iron  pyrites,  and  magnetic 
iron  ore.  In  the  lower  part  of  the  bed  the  por- 
phyry becomes  vesicular,  and  changes  into  an 
amygdaloidal  basalt,  containing  crystals  of  augite. 
Near  the  sea,  vast  dykes  of  this  porphyry,  more 
than  thirty  yards  in  width,  are  seen  cutting  through 
the  slate  and  beds  of  limestone.  In  another  part 
of  the  country,  at  Holmestrand,  the  same  mass  of 
porphyry,  covering  beds  of  sandstone,  is  seen  to 
pass  in  the  lower  part,  by  almost  insensible  grada- 
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tioiis^  into  ahard  fine-grained  black  basalt^  cbnlain- 
ing  brilliant  crystab  of  augite :  in  tbe  upper  part  of 
the  bed^  the  porpbyry  passes  into  a  sienite  of  sin- 
gular beauty^  containing  crystals  of  zircon;  and 
above  this^  the  sienite  passes  into  common  granite. 
The  dykes  of  porphyry  cutting  through  the  slate 
rocks  indicate  the  mode  of  formation  of  this  por- 
phyry^ in  a  manner  not  to  be  mistaken  by  those 
who  are  acquainted  with  the  basaltic  dykes  in  the 
northern  parts  of  Great  Britain.  These  dykes  were 
doubtless  the  fissures  through  which  this  vast  mass 
of  porphyry  had  been  poured  out  over  the  slate 
roicks^  though  Messrs.  Hausmann  and  Von  Buch  de- 
scribe them  as  veins  descending  from  the  porphyry. 
The  reader  may  form  a  more  distinct  idea  of  the 
position  of  this  porphyry  and  its  relation  to  the  sub- 
jacent rocks^  which  are  intersected  by  dykes  of  the 
same  porphyry^  from  Plate  3.  fig.  S.  a. 

Had  M.  Von  Buch  seen  this  remarkable  mass 
of  porphyry  at  Cbristiania,  after  his  visit  to  the  ba- 
saltic districts  in  England^  he  would^  I  am  persuaded^ 
have  at  once  recognized  the  agency  of  subterranean . 
fire  in  its  formation.  I  saw  this  eminent  geologist 
soon  after  his  return  firom  Cumberland  and  West- 
moreland; and  if  I  recollect  distinctly  his  opinion 
respecting  tbe  mountains  of  porphyritic  trap  and 
clinkstone  intermixed  with  slate  in  these  counties, 
it  was,  that  they  bore  a  striking  resemblance  to  some 
of  the  most  ancient  volcanic  mountains  in  Auvergne, 
and  that,  like  them,  they  had  been  softened  in  situ, 
and  elevated  by  subterranean  heat.  The  operation 
of  igneous  agency  in  these  mountains  is  much  less 
evident  than  in  the  porphyry  of  Norway,  if  the 
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description  given  of  it  be  correct.  The  only  porphy- 
ry occurring  in  unconformable  beds  that  I  have  seen 
in  Cumberland  or  Westmoreland^  covers  part  of  a 
mountain  of.  coarse  slate  on  the  right-hand  side  of 
the  road  going  from  Kendal  to  the  granite  mountain 
of  Shap.  It  forms  a  nearly  horizontal  bed  composed 
of  red  felspar^  which  has  an  earthy  texture^  and  con- 
tains crystals  or  grains  of  quartz ;  it  is  what  the 
French  would  denominate  a  red  trachyte.  Con- 
siderable fragments  of  the  same  rock  are  scattered  in 
the  adjacent  valleys^  proving  that  at  a  former  period, 
thi6  porphyry  was  more  extensively  spread  over  that 
district.  A  red  porphyritic  felspar^  nearly  similar  in 
composition  and  appearance,  forms  the  top  of  the 
mountain  called  Red  Pike  above  the  Lake  of  Butter- 
mere  in  Cumberland.  Closely  adjacent  to  Red  Pike, 
and  forming  part  of  the  same  ridge,  is  the  moun<- 
tain  called  High  Stile.  Between  the  summits  of 
these  mountains,  is  a  deep  crater  with  a  small  lake  or 
tarn  at  the  bottom  of  it :  jthe  sides  of  this  crater  are 
very  steep;  it  is  partly  surrounded  by  rude  columns 
of  clinkstone  on  one  side ;  the  porphyritic  felspar 
of  Red  Pike  forms  the  other  side.  The  clinkstone 
has  a  smooth  conchoidal  fracture  and  a  greenish  gray 
colour ;  it  contains  small  crystals  of  felspar^  and  is 
slightly  translucent  on  the  edges  and  very  fusible ;  it 
is  highly  sonorous  when  struck  with  a  hammer.  The 
height  of  High  Stile  is  2100  feet  above  the  level  of 
the  sea;  the  depth  of  the  crater  is  about  500  feet; 
the  side  nearest  the  Lake  of  Buttermere,  by  which 
alone  it  can  be  entered^  is  partly  open.  Situated 
as  it  is  on  the  summit  of  a  very  narrow  steep  moun<> 
tain  range^  that  divides  the  valley  of  Buttermere 
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from  Ennerdale^  no  conceivable  operation  of  water 
could  have  scooped  out  the  crater^  and  the  bed  of 
the  lake  within  it. 

Though  the  rocks  which  surround  this  crater  are 
closely  aHied  to  volcanic  rocks^  and  have  probably 
been  subjected  to  the  agency  of  fire^  we  cannot  sup- 
pose the  crater  to  have  been  formed*  tike  that  of 
modern  volcanoes^  by  eruption  of  lava  and  scorias. 
It  seems  more  reasonable  to  admit  that  the  crater 
might  owe  its  form  to  a  partial  sinking  down  of  part 
of  the  summit  of  the  mountain^  when  the  rocks  of 
which  it  is  composed  were  softened  by  subterranean 
heat^  and  elevated :  the  basin  of  the  Tiake  of  Butter- 
mere^  at  the  foot  of  this  mountain^  may  perhaps  owe 
its  original  depression  to  the  same  cause.  Many  of 
the  mountains  in  these  districts  are  composed  of 
porphyritic  trap^  passing  into  clinkstone.  In  a  deep 
ravine  of  Swarthfell  in  Cumberland^  opposite  the 
seat  of  J.  Marshall^  Esq.  M.P.^  the  mountain  which 
is  here  composed  of  clinkstone^  presents  the  colum- 
nar structure  on  a  magnificent  scale  ;  the  columns 
are  slightly  bent  and  inclined. 

Porphyry^  from  an  intermixture  with  hornblende 
frequently  passes  into  sienite  ;  when  this  is  the  case, 
the  latter  rock  generally  forms  the  upper  part  of  the 
mass.  Porphyry  and  basalt^  in  enormous  masses, 
often  cover  the  primary  mountains  in  the  Andes. 
According  to  Humboldt, ''  they  are  arranged  in  re- 
gular columns,  which  strike  the  eye  of  the  traveller 
like  immense  castles  lifted  into  the  sky."  Some 
geologists  describe  four  formations  of  porphyry,  but 
this  division  is  purely  theoretical,  as  those  who  ad- 
mitit,  agree  that  thedifferent  formations  of  porphyry 
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frequently  pass  into  each  other;  and  from  the  evident 
connection  of  porphyry  and  basaltic  with  igneous 
rocks^  it  naturally  follows^  that  such  transitions  must 
take  place.  Porphyritic  rocks  may  in  g^eneral  be 
regarded  as  more  ancient  than  basaltic  rocks^  as 
porphyry  most  frequently  occurs  intermixed  with> 
or  covering  transition  rocks^  and  basalt  is  most  coro'- 
monly  associated  with  the  secondary  strata^  which 
it  either  cuts  through  in  the  form  of  dykes^  or  covens 
unconformably.  Sometimes  itappears  to  have  broken 
through  the  strata  confusedly^  and  to  have  enveloped 
large  portions  of  other  rocks.  We  shall  proceed  to 
describe  these  different  modes  of  its  occurrence  and 
position^  of  which  we  have  numerous  striking  ex- 
amples in  Great  Britain  and  Ireland. 

In  describing  the  phenomena  presented  by  any 
one  of  the  trap  rocks^  we  describe  those  peculiar  to 
every  memberof  the  trap  family*  Were  it  allowed  to 
express  a  geological  ftict  in  familiar  terms,  it  might 
be  said,  that  all  the  members  of  this  family  give  in*- 
dications  of  a  fiery  character,  and  pf  having  been 
troublesome  neighbour^,  to  the  adjacent  rocks^  disy 
turbing  them,  and  even  changing  their  nature, 
when  they  are  closely  associated.  Beside  occurring 
VI  overlying  unconformable  masses,  all  trap  rocks, 
with  porphyry,  which  may  be  placed  at  their  head, 
are  occasionally  found  intersecting  other  rocks  like 
vertical  walls.  It  has  been  before  stated,  that  these 
vertical  walls  are  called  dykes, — the  term  dyke  and 
wall  being  synonymous  in  North  Britain.  The 
substance  which  most  commonly  occurs  in  dykes  is 
basalt ;  and  as  these  basaltic  dykes  are  well  known^ 
from  their  frequently  intersecting  coal  strata,  we 
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sbftn  nbw  ^e  a  d^cription  6f  blideltic<lyk^;^^ild 
ftbir  effects  on  tb^  aidjacijttt  rock^^or  etrate. 

The  thidkness  of  dykes- varies  fr(mv  a  few  inches 
to  twenty  of  thirtyfeel  of  yards  ;  in  some  instances 
they  exceed  three  hundred  feet.  The  extent  to 
^hich  they  stretch  across  a  country  has  seldom  been 
explored  beyond  the  mining  districts^  where  a  know- 
ledge of  them  is  itiiportant  on  account  of  the  disturb^ 
ikfices  which  they  octasibh  in  the  strata. 

I^he  intersection  of  cbal  strata  by  dykes  is  re- 
presented Ptate4.fig.  S4  and  S.  c.  c.  and  d.  d.  Dykes 
genenilly  decline  H  littte  irom  a  vertical  position ; 
Md,  a^'before  stated^  the  depth  to  which  they  descend 
is  Hnknown.     • 

The  strata  are  afanost  always  thrown  down  on  one 
side  of  a  dyke^  and  efevated  on  the  other ;  but  the 
diskic&tion  is  not  proportioned  to  its  breadth.  There 
is  a  fault  extending  from  Whitley  in  Northumber- 
land to  Greenstde  and  Sandgate  in  Durham^  which 
has  thrown  down  thfe  strata  on  the  tiorth  side  one 
hmf  dred  and  eighty  yards ;  this  is  a  comparatively 
narrow  fissiire  filled  with  clay.  A  great  basaltic 
dyke  in  the  same  county^  which  is  seventeen  yards 
wide^  has  only  produced  a  dislocation  of  twelve 
yards.  • 

The  whole  series  of  strata  which  have  been  raised 
above  the  siTrface  on  one  side  of  a  faulty  have  sonte^ 
times  entirely  disappeared^  and  the  grotind  on  eaoh 
side  of  it,  is  on  the  same  level.    Sfee Plate  4.  fig. »,  S. 

Trap  dykes  and  basalt  dykes,  are  generally  hard- 
er than  the  rocks  that  they  intersect;  and  wheti  the 
Mtter  are  partly  decomposed,  often  retnarh;  ^rmin)^ 
vast  wallii  of  8ton6,  that  rise  above  the  suriace  oftha 
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ground.  There  are  walk  of  this  kind  in  the  coun^ 
ties  of  Northumberland  and  Durham^  running  along 
the  country  several  miles.  Dykes  also  extend  into 
the  sea^  and  form  reefs  of  rocks ;  and  when  they  croB» 
the  beds  of  rivers^  they  form  fords^  and  sometimes 
hold  up  the  water  and  occasion  cascades^  of  which 
there  are  numerous  instances  on  the  river  Tees.  In 
the  interior  of  North  America^  basaltic  walls  were 
discovered  by  Messrs.  Lewis  and  Clerk^  of  great 
extent ;  the  walls  were  composed  of  columns  of  ba* 
salt  arranged  horizontally^  and  were  at  first  sup- 
posed to  be  artificial  constructions.  Where  basaltic 
dykes  are  of  considerable  thickness^  the  hardness 
of  the  stone  varies  in  different  parti^ ;  sometimes  the 
inner  parts  are  harder^  and  sometimes  softer^  than 
the  outer,  the  substance  in  the  dyke  being  divided 
by  seams  or  partings.  This  may  be  distinctly  seen 
at  Coaly  Hill  near  Newcastle-upon-Tyne^  where  a 
large  basalt  or  whin  dyke  cuts  through  the  coal 
strata^  and  rises  to  the  surface.  The  stone  being 
hard^  is  quarried  for  the  roads  along  a  line  of  several 
hundred  yards,  forming  a  deep  trench  sufficiently 
wide  to  admit  a  cart*road  through  the  quarry,  be- 
tween the  sides  of  the  dyke. 

The  basalt  of  the  dyke  is  intersected  by  fissures, 
and' divided  into  variously  shaped  masses.  In  one 
part  of  the  dyke  it  appears  to  graduate  into  an  in- 
durated ferruginous  clay,  which  is  in  some  places 
divided  into  minute  well-defined  pentagonal  prisms. 
This  dyke  had  charred  the  coal  on  each  side  of  it, 
and  rendered  it  soft  and  sooty.  To  use  the  language 
of  the  workman  who  was  quarrying  the  stone  when 
I  visited  the  place, ''  it  had  burned  the  coal  wherever 
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it' had  tottcheil  it."  The  same  dyke  extends  from 
the  sea  to  the  western  side  of  the  county  of  Nor- 
thumberland ;  its  termination  in  that  direction  is 
unknown. 

The  longest  mineral  dyke  that  has  been  traced  in 
England  may  be  called  the  Cleveland  Basalt  Dyke : 
it  extends  from  the  western  side  of  Durham  to 
Bewick  in  Yorkshire;  it  crosses  the  river  Tees  at  this 
piace^  and  proceeds  in  a  waving  line  through  the 
Cleveland  Hills  in  the  east  riding  of  Yorkshire  to 
the  sea  between  Scarborough  and  Whitby.  It  rises 
to  the  surfiice,  and  is  quarried^  in  many  parts  of 
its  course^  for  stone  to  lay  upon  the  roads.  From 
Bewick-on-the-Tees  it  may  be  traced  in  an  easterly 
direction^  near  the  villages  of  Stanton^  Newby^ 
Nunthorp  and  Ayton.  At  Langbath-ridge  a  quarry 
is  worked  in  it ;  it  paisses  south  of  the  remarkable 
hill  called  Roseberry  Toppin^  near  Stokesly^  and 
from  thence  by  Lansdale  to  Kildale ;  it  may  be  seen 
on  the  sur&ce  nearly  all  the  way  in  the  above  track. 
From  Kildale  it  passes  to  Denbigh  Dale  end^  and 
through  the  village  of  Egton-bridge^  and  hence 
over  Leace  ridge  through  Gothland^  crossing  the 
turnpike  road  from  Whitby  to  Pickering  near  the 
seven  mile  stooe^  at  a  place  called  Sillow  Cross  on 
a  high  moor.  I  examined  it  at  this  place^  where  it 
is  quarried  for  the  roads^  and  is  about  ten  yards 
wide.  From  hence  it  may  be  traced  to  Blea  Hill 
near  Harwood  Dale^  in  a  line  towards  the  sea^  near 
which  it  is  covered  with  alluvial  soil ;  but  there  can 
be  no  doubt  that  it  extends  into  the  German  Ocean. 
It  is  a  dark  grayish  brown  basalt  which  turns  brown 
on  exposure  to  the  atmosphere  ;  it  is  the  principal 
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material  for  menfiingrtili^  qqpmIs  in  thi  district  IcftHel 
Cleveland.  I  am  indebted  to  Mr.  Bird  of  Whiihijr 
for  an  account  of  the  sAtuation^  where  it  may  kuk  aecki 
on  the  surface.  He  has  traced  it  throug;h  YocfcihiM 
find  Durban^;  in  the  latter  county  it  cuts  through 
the  coal  8trala%  According  to  Mr«  Bird,  ift:orofl(ie0 
the, river  Tees  again,  li^ar  Tees  Force,  and,  exr 
panding,.  forms  the  greiU)  mass  <^  basal£  on  the 
western  ej^t^emity  of  Qq? tiyan)>  taking  the  columiiar 
for  19  in  various  parts,  parttc^rly  (U  High  Cup^  a 
deep  circular  excavation  on  the  side  of  Croiss;  FieX. 
T^hid  specimens  of  the  stance  showm  me  by  Mr>  Bird 
from  this  district,  are  more  crystalline  and  less  ho- 
mogeneous than  that  in  Cleveland,  being  that  variety 
called  green-stone,  (Consisting  of  hornblende  and  fel* 
span  The  course  of  this  dyke  is  marked  in  the  6eo^ 
logical  Map  of  England,  Plate  4.  By  consulting  the 
)ai?ge  maps  of  England  thje  couise  may  be  distinctly 
tiraced:  drawing  a  line  in  the  direction  from  Cock- 
iOb^  ia  the  county  of  Durham  to  Bewick'-oii^tbe- 
Tees,  and  extending  the  line  east  and  west,  it  will 
pass  near  all. the  places  above  motioned. 

The  Cleveland  dyke  has  been  teaced  in  a»  direct 
Une  more  than  seventy  miles.  A  circumstance  at- 
tending this  and  other  extensive  dykes,  which  has 
not,  I  believe,  been  hitherto  regarded  by  geologists, 
completely  invalidates  the  theory,  that  dykes  were 
originally  open  fissures  formed  by  the  drying  or 
shrinking  in  of  the  rocks.  This^  dyke  in  its  course 
intersects  very  different  formations,  viz.  the  transi- 
tion or  metalliferous  limestone,  the  coal  district,  and 
the  upper  secondary  strata  of  liaa  and  oolite.  The 
different  organic  remains  in  these  formations,  a9 
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Well  aft  their  position^  prove  that  they  were  conso- 
lidated at  distant  periods  of  time.  Indeed  the  ge* 
ologists  who  maintain  that  dykes  were  formed  as 
before  described^  are  ready  to  admit  the  distant 
eras  of  these  formations.  The  transition^  or  me- 
talliferous limestone^  and  the  lower  strata  must  have 
been  completely  consolidated^  long  before  the  upper 
secondary  strata  were  deposited^  and  the  causes 
which  might  dispose  the  upper  strata  to  shrink  in, 
cannot  be  supposed  to  act  on  the  lower  rocks.  It 
is  alscf  to  be  remarked  that  in  the  lower  rocks,  si- 
tuated  to  the  west,  the  breadth  of  this  dyke  is  more 
than  twenty  yards ;  but  at  Sillow  Cross,  where  I 
measured  it,  it  is  not  more  than  ten  yards :  this 
dyke  must  therefore  become  wider  as  it  descends. 
It  must  also  have  been  filled  with  basalt  at  the  time  of 
its  formation,  otherwise  it  would  have  contained  nu- 
merous  fragments  of  the  rocks  which  it  intersects. 

The  effects  of  this  basaltic  dyke  on  the  different 
rocks  through  which  it  passes  are  truly  remarkable. 
When  it  comes  in  contact  with  the  lower  or  trans- 
ition limestone,  it  is  said  to  render  it  more  cry- 
stalline, a  feet  the  geological  importance  of  which 
will  be  subsequently  adverted  to.  Where  it  crosses 
the  coal  strata,  and  comes  in  contact  with  the  seams 
of  ^oal,  the  substance  of  the  coal  is  for  several  feet 
converted  into  soot.  At  a  greater  distance  from  th^ 
basalt,  (he  coal  is  redueed  to  a  coke  or  cinder,  which 
burns  without  smoke,  and  with  a  clear  and  durable 
heat.  At  the  distance  of  fifty  feet  from  the  dyke 
the  coa]  is  found  in  its  natural  unaltered  state.  It 
is  particularly  remarkable  that  the  roof  immediately 
over  the  coal  is  lined  with  bright  crystals  of  sulphur. 
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In.  some  situations  in  the  same  county^  the  sbide 
in  contiguity  with  basaltic  dykes,  is  converted  into 
flinty  slate  or  jasper,  and  the  sandstone  is  changed 
to  a  brick  colour.  There  is  another  remarkable 
basaltic  dyke  in  the  same  district,  which  crosses  the 
western  extremity  of  Durham  from  Allen  heads  to 
Burtreeford  on  the  river  Tees,  hence  called  the 
Burlreeford  Dyke.  It  throws  down  the  strata  on 
the  west  side  of  it,  one  hundred  and  sixty  yards. 

Dykes  being  generally  impervious  to  water,  they 
obstruct  its  passage  along  the  porous  strata,  and 
occasion  it  to  rise :  hence  it  frequently  happens  that 
numerous  springs  make  their  appearance  along  the 
course  of  a  dyke,  by  which  it  may  be  detected, 
when  there  is  no  other  indication  of  it  visible  on 
the  surface. 

Basaltic  dykes  intersect  both  primary  and  secon- 
dary rocks,  but  they  every  where  present  indica- 
tions of  their  action  on  the  adjacent  rocks.  At 
Nigg,  near  Aberdeen,  I  examined  a  basaltic  dyke 
on  the  coast,  which  intersects  a  rock  composed  of 
gneiss;  the  dyke  is  about  thirty  feet  in  width. 
Where  the  basalt  is  in  contact  with  the  gneiss,  it 
becomes  nearly  compact,  and  approaches  to  the 
character  of  homstone ;  and  the  gneiss  has  a  red 
and  burnt  appearance,  approaching  in  its  nature 
to  porphyry.  It  is  probable  that  the  action  of  the 
basalt  on  the  sides  of  the  gneiss  rock,  had  softened 
It  and  rendered  it  more  liable  to  disintegrate  than 
the  other  parts,  for  the  sea  has  here  made  an  in- 
dentation inland,  forming  a  deep  narrow  ravine  or 
bay,  with  a  lofty  wall  of  basalt  running  through  it. 
The  wall  of  basalt  completely  divides  the  bay,  and 
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the  sea  enters  into  both  parts.  It  has  been  beforfe 
observed^  that  when  basaltic  dykes  extend  into  the 
sea^  they  form  reefs  of  rocks^  and  small  islands. 
These  basaltic  walls^  whether  rising  above  the  sur- 
face of  the  country^  or  extending  into  the  sea^  serve 
to  mark  the  destruction  of  the  land ;  for  we  are  cer- 
tain^ that  these  walls  of  mineral  matter  were  at  one 
period*supported  on  each^side  by  rocks  or  strata, 
which  they  have  intersected^  but  which  are  now 
worn  away.  The  Cleveland  basalt  dyke,  it  has 
been  stated,  cuts  through  the  transition  limestone^ 
the  coal  strata,  and  the  upper  secondary  strata, 
comprising  a  part  of  the  oolite  formation.  On 
the  northern  coast  of  Ireland,  Messrs.  Buckland 
and  Conybeare  discovered  a  considerable  basaltic 
dyke,  passing  through  the  chalk  rocks.  In  the 
immediate  contiguity  of  basalt,  the  chalk  on  each 
side  of  the  dyke  was  rendered  highly  indurated  and 
crystalline,  this  effect  decreasing  as  the  distance 
from  the  dyke  increased. 

The  constant  occurrence  of  dykes  in  basaltic 
districts  gives  a  high  degree  of  probability  to  the 
opinion,  that  overlying  unconformable  trap  rocks 
have  been  erupted  in  a  melted  state  like  lava,  and 
poured  over  the  surface  of  the  ground.  Where 
extensive^beds  of  basalt  occur  in  low  situations, 
there  can  be  little  difficulty  in  admitting  this  mode 
of  formation ;  but  the  frequent  occurrence  of  beds 
of  basalt,  forming  isolated  caps  on  distant  moun- 
tains, was  for  a  long  time  considered  as  opposing 
completely  the  hypothesis  of  the  igneous  origin  of 
basaltic  rocks ;  a  more  attentive  examination  of  ba- 
saltic districts  has  however  established  the  fiict,  that 


SOS  COLUMNAR  BAIALT. 

these  fcohled  caps  of  basalt^  are  parts  of  continuous 
beds  which  have  m  remote  ages  been  excavated  by 
valleys^  in  the  same  manner  as  the  beds  of  other  rocks 
which  finsquently  form  isolated  caps  on  detached 
mountains.  The  capof  gritotone  pnWhin  HiD^  near 
Oastleton,  see  Plate  4^  affords  an  illustration  of  this ; 
and  noUiing  is  more  common  than  to  see  the  same 
bed  of  limestone^  forming  the  uppermost  stratum  or 
cap  of  the  mountains  on  each  side  of  a  valley. 

The  occurrence  of  thick  beds  of  basalt,  divided 
iifto  regular  pentagonal  or  hexagonal  columns,  and 
disposed  in  ranges  of  vast  extent  and  height,  coold 
noC  fail  to  arrest  the  attention  of  the  most  careless 
observer,  and  give  rise  to  speculations  respecting 
their  origta  and  formation.  Basaltic  columns  are 
frequently  seen  in  countries  that  are  the  seat  of 
volcansic  &re%  but  they  occur  also  in  countries  very 
pesaote  from  any  known  volcanoes;  and  the  opinions 
of  geologists  were  hence  long  divided  on  the  sub- 
ject of  basaltic  rocks,  some  ascribing  to  them  an 
aqueoss,  and  others  an  igneoas  origin. — The  theo- 
ries respaetiag  their  formation  will  be  subsequently 
adverted  to. 

Few  countries  in  the  woiid  present  more  nmg- 
nificeat  basallic  columnar  ranges  than  the  Dorth 
part  of  Ireland,  and  smne  of  the:  Hebrides  :  proba- 
blj^  these  are  eovmected  under  llie  ocean,  and  havei 
had  the  same  origin. 

The  Giant's  Causeway  eonstiiutes  a  small  part  of 
a  vast  basaltic  range,  along  the  north  coast  of  Ire- 
land, in  the  county  of  Antrim.  The  promontory  of 
Fairhead  and  Borgue,  in  the  same  range,  are  si- 
tuated eight  miles  from  each  other :  these  capes 


fKmiii»t  of  various  mngea  of  pilhrs  and  hdri^ntal 
BimiA^  which  rise  fcovk  the  *ea  to.thm  height  of  .fiv» 
hundred  feet ;  from  their  abrttptness.theyr  are  vtvy 
e(>u$picuott8»  aiulfona  a  pile  of  natural  architecture^ 
m  which  the  regularityaad.sysiineti^  at  art,  are 
united  with  /the  wild  gcandeur  and  magnifieence  of 
nature^  Many  of  dioicohiiBna  in;,  the  ranges  at 
Fajirhead  ave  one  hundred  and  fifty  feet  in  height^ 
and  five  feet  ia  breadth.  At.  the  haae  along  the 
id^ore  18  a  wild  waste  of  reeky  fragments^  which 
liave  fidlee  from  .the  cliffs.  Immense  masses  that 
liave  withstood  the  fi3rce  of  tti&  shock  lie  in  groups^ 
resembling  the  ruins  of  enotmDUs  castles.  At  the 
Giant's  Causeway  the  columis  rarely  exceed  one 
foot  in  breadth^  and  thirty  feet  ia  height :  they  ave 
sharply  defined,  audi  the.  cokunufi  ajre  di^ded  into 
smaller  blocks^  cmt  pviama  of  one  foot  or  more  in 
length,  which  fit  nesftly  ieto  each  otber^  Kke  a  ball 
9md  socket.  The  basalt  is  cbse  gtainedi,  hnt  the 
upper  joint  is  cellular;  The  cohsnuare.  most  &e-> 
qiuently  formed  with^fiiveei  six  sides;  bubaooie  iMwe 
feven  or  eigbk,.  and  odiers  not  more  thfMft  thvee, 
Bed&  of  basfdt  that  are  noli  cx)kunnar,  in  SMie  sitna^ 
tiona  lie  over^  audi  also  under  the  cohinms.  The 
I^SAalt  in  these  beda  is  cdUai;^  and  coKtainsiaeoHtcs 
la  its.  cavities^  The  columns-  at  FaiFhead  aue  noti 
articulated)  like  those;  at  the:  Gian t^si  Chuse way  ;  but 
the  blocks^  which  ane.  ef  great  length  in  eaeb  co» 
luAm^  lie  flat  on  eaehi  other.  Basalt  appears  to> 
extend  on  Uie  coast  and  inland)  abont.  forty  miles  m 
kngth>  and  twenty  in  breadth. 
A  full  and  perspinuous  account  of  the  geology  of 
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this  part  of  Ireland,  is  given  by  Messrs.  Buckland 
and  Conybeare  in  the  4th  vohinie  of  the  Geological 
Transactions.  It  appears  that  this  basaltic  range 
rests  upon  lias  limestone  containing  marine  shells 
and  ammonites ;  the  basalt  also  enters  chalk-rocks, 
which  are  much  broken  by  it,  and  in  one  part  a 
considerable  mass  of  chalk  is  completely  enveloped 
in  basalt  The  effect  of  a  basaltic  dyke  in  crystal- 
lizing the  chalk  on  each  side  of  it,  has  already  been 
mentioned.  Former  observers,  unacquainted  with 
the  nature  of  the  rock  on  which  the  basaltic  ranges 
of  the  Giant's  Causeway  rest,  have  mistaken  it  for 
basalt ;  it  is  a  dark  coloured  highly  indurated  lime- 
stone, and  as  it  contains  shells  and  other  organic 
remains,  these  remains  were  erroneously  supposed 
to  prove  the  marine  origin  of  basalt. 

The  basaltic  columns  of  the  Island  of  Staffii  are 
too  well  known  to  require  a  description  ;  but,  ac** 
cording  to  Dr.  MacCulloch,  the  columns  which  form 
the  lofty  promontory  called  the  Scuir  of  Egg,  an- 
other of  the  Hebrides,  exceed  in  grandeur  and  in 
picturesque  effett  those  of  Staffa :  they  are  formed 
of  black  pitchstone,  containing  crystals  of  glossy  fel- 
spar. ^'  The  promontory  rests  on  a  bed  of  compact 
gray  limestone,  approaching  to  a  stone  marie.  This 
bed,  which  is  three  or  four  feet  thick,  rests  on  a  still 
lower  bed  of  hard  reddish  stone.  Masses  of  bitu- 
minized  wood,  penetrated  with  carbonate  of  lime, 
are  found  in  the  marie  stratum  not  at  all  flattened. 
Portions  of  trunks  of  trees,  retaining  their  original 
shape,  but  petrified  (silicified),  are  found  in  the  same 
stratum ;  the  rifts  are  filled  with  chalcedony,  ap- 
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prMehinp  in  asptct  to  temi-opal.  The  coIurmm  mi' 
this  isknd  are  both  perpendicuhr  and  inclined^  and 
some  of  them  are  bent  or  curved/' 

In  various  parts  of  Scotland  and  the  Hebrides, 
the  tendency  to  a  columnar  arrangement  in  the  ba- 
saltic rocks  may  be  distinctly  seen  :  it  is  obscurely 
developed  in  the  basalt  of  Arthur's  Seat  near  Edin- 
burgh. The  basak  of  this  hill  appears  identical 
vrith  some  of  the  volcanic  mountains  I  examined  in 
Auvergne,  particularly  near  the  summit  of  Mont- 
adoux^  a  mountain  near  Clermont. 

In  England  the  columnar  structure  of  some  of  the 
basaltic  and  trap  rocks  is  observable  in  the  northern 
counties^  particularly  on  the  banks  of  the  river  Teesy 
and  at  Swarthfell  near  Ulswater.  In  some  of  the 
basaltic  hills  near  Dudley,  the  columnar  structure 
is  developed,  but  the  columns  are  not  separated  and 
well  defined.  Prismatic  blocks  of  sienite  are  scat- 
tered over  a  hill  of  sienite  called  Markfield  Knowl, 
at  Cham  wood  Forest  in  Leicestershire. 

Columns  of  porphyritic  trap  or  greenstone  occur 
in  groups,  on  the  northern  side  of  Cader  Idris,  a 
mountain  in  Merionethshire.  One  of  these  colum- 
nar groups  is  represented  Plate  5.  fig.  1.  the  outline 
of  the  columns  was  taken  with  a  camera  lucida  by 
Henry  Strutt,  Esq.  of  Derby,  and  cannot  fail  to  be 
correct ;  the  figure  is  introduced,  to  show  the  rela- 
tive magnitude  of  the  columns.  Rocks  of  trap  and 
basalt,  both  in  solid  beds  and  also  arranged  in  co- 
lumns like  those  of  Staffa,  were  observed  by  Sir  6. 
Mackenzie  on  the  coast  of  Iceland,  and  also  in  the 
interior;  the  lower  parts  of  the  beds  and  columns 
contained  scoriae  and  slags,  and  empty  cavities.   A 
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naeeemre  nnge  of  beds  of  bastJt'was.aiBO  olitfeisred 
alternating  with  beds  of  tafa^  the  lowBr  pAiis  df 
which  presented  the  sameaplveMaHoeiof  the<acti6R 
of  fire.  •    '  /  I'f 

From  the  ntuotion  of  these  roeke^  aind  from  this 
exietence  of  submarine  vokftiioes  nearJodand^  Sir 
G.  Mackenzie cohoeires  that  these^'bedsof  basalt 
were  formed  under  thestoby  Aie^ejectioh  of  lavaj 
which  flowing  ever  the  moist  eabmarine  greaad; 
woaM  confine  a  portion  of  wat^  beneaib  the 
melted  mass  :  this  water  weold  be  converted  into 
dastic  vapour,  or  steatn,  wliieh  woatd^enfleaybn^  to 
espand ;  but  wiiere  the  «uperincumbelHt  pressard 
of  the  ocean,  or  the  tenacity  of  the  hva^  prevented 
its  escape^  it  would  be  compressed,  ahd  fortai  cavi-« 
ties,  or  air  bubbles,  at  the  bottom  of  the  ihdted 
mass,  in  oth^r  ^instances,  where  the  fluidity  of  the 
lava  permitted  the  steain  from  below  to  escape 
through  it,  the  mass  would  be  compact,  and  fimrm 
solid  basalt^  or  greenstone.  It.nriglit  sometidiea 
happen  that  water  would  be  incloeed  in  die  cavi- 
ties of  the  mass,  which  is.  found  to  be  the  case  in.' 
some  basalt  rocks. 

Thus,  accot!ding  to  the  different  circumstances 

of  pressure  from  the  depth  of  the  ocean,  and  from 

the  tenacity  of  the  melted  mass,  he  supposes  that 
porous  and  vesicular  lava,  or  compact  basalt,  might 
be  formed  from  the  same  eruption ;  or  the  mass 
might  be  porous  below  and  compact  above. 

As  Iceland  is  at  present  the  seat  of  active  volca- 
noes, and  as  submarine  volcanoes  are  forming  rocks 
near  the  shores  of  that  island.  Sir  George  Macken- 
zie's explanation  of  the  causes  which  have  pro- 
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duced  the  various  appe«raQC€d  ip  the  basaltic  luiges 

of  that  island,  seems  highly  probable*    Iti  Skil^ 

the  connection  of  basaltic  witli  volcanic  rocla  baa 

been  clearly  established  by  Ferrara^  professor  of 

Natural  Philosophy  at  Catania. 

In  the  vicinity  of  dermoat  Ferrand  in  Auvergpno, 

a  thick  bed  of  basalt  has  €»ce  covered  an  extensive 
tract  of  country  ;  it  rests  upon  a  bed  qf  volcanic 

tufa^  and  the  latter  frequently  covers  beds  of  fresh- 

water  limestone.    This  bed  of  basalt  and  the  sub*- 

jacent  tufa  and  limestone^  have  evidently  been  fur* 

rowed  and  excavated  by  the  same  causes  which 

have  excavated  valleys  in  other  parts  of  the  world; 

hence  the  basalt  occurs  forming  isolated  caps  on 

many  of  the  mountains.     In  some  .parts  a  gradation 

may  be  traced  in  the  same  bed  from  a  compact  h^r 

salt,  similar  to  that  of  Arthur's  Seat  near  Edinbur^h> 

to  porous  basalt  approaching  more  or  less  to. the 

state  of  scoriaceous  lava.     But  the  basalt  of  this 

country  belongs  evidently  to  volcanic  products^  and 

will  be  described  in  the  chapter  on  volcanoes.     It 

may  be  prpper  to  remark^  that  as  the  basalt  of  Anr 

vergne  covers  beds  of  freshwater  limestone^  which 

belong  to  the  tertiary  strata^  its  age  is  evidently 

posterior  to  that  formation  of  limestone^  which  is 

regarded  as  the  most  recent. 

Basalt  sometimes  presents  a  globular  structure^ 
globes  of  hard  basalt  being  imbedded  in  a  mass  of 
basalt  of  a  softer  kind. 

Wacke  or  earthy  basalt  has  frequently  a  greenish 
or  reddish  brown  colour ;  it  often  contains  cavities 
which  are  generally  filled  with  nodules  of  agate^  or 
with  zeolite  or  calcareous  spar.    The  agates  are 
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composed  of  concentric  layers^  and  have  apparently 
been  formed  by  siliceous  infiltration  depositing 
successive  coats  within  each  other^  until  the  cavity 
is  filled  up.  Basaltic  rocks  of  this  kind  are  called 
amygdaloids.  The  Hill  of  Kinoul,  in  the  vicinity  of 
Perth^  is  formed  of  basaltic  amygdaloid  containing 
agate  nodules  in  g^eat  abundance^  of  various  dimen* 
sions  and  beautifully  striped.  At  Woodford  Bridge, 
in  Gloucestershire,  there  is  a  low  rock  of  amygda- 
loidal  wacke,  which  is  much  intermixed  with  green 
earth,  and  has  in  some  parts  a  saponaceous  feel ;  the 
agates  which  it  contains  are  decomposing,  and  the 
intense  concentric  layers  are  separated  from  each 
other,  and  present  the  appearanceof  edges  of  folded 
paper,  with  small  interstices  between  each.  I 
examined  this  singular  rock  in  1816  ;  it  was  then 
quarried  for  stone  to  mend  the  roads.  In  some 
parts  of  the  rocks  I  found  masses  of  corallite  of 
considerable  size  enveloped  in  the  basaltic  amygda- 
loid. I  found  also  in  this  rock  well  defined  groups 
of  prehnite,  which  was  not  then  known  to  be  an 
English  nUineral :  it  has  since  been  discovered  in 
the  basalt  of  Staffordshire. 

The  occurrence  of  organic  remains  enveloped  in 
basalt,  of  which  there  are  various  instances,  may 
admit  of  an  easy  explanation,  if  we  allow  that  ba- 
salt has  once  flowed  like  lava  at  the  bottom  of  the 
ocean.  Modern  lavas  often  envelop  bones  and 
other  substances  that  they  meet  with  in  their 
course. 

Imbedded  interstratified  basalt  or  trap  is  some- 
times found  alternating  with  rocks  of  undoubted  ma* 
rine  origin .  In  Derby sh  i  re  there  are  th  ree  beds  of  ba- 
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salttc  amygdalotd  separated  by  thick  beds  of  trans-* 
ition  limestone.  Mr«  Westgarth  Forster  has  de- 
scribed an  enormous  bed  of  basalt  in  Northumber* 
land  and  Durham^  called  the  great  Whinstone  sill^ 
placed  between  r^ular  strata  of  limestone  and  grit^ 
stone;  this  bed  varies  in  thickness  from  twelve  to 
sixty  yards.  Other  instances  might  be  cited  of  basal^ 
tic  beds  interposed  between  regular  strata^  but  fre^ 
quently  the  strata  are  broken  and  disturbed  in  the 
vicinity  of  the  basaltic  beds.  At  Salisbury  Craggs 
near  Edinburgh^  there  is  an  instance  of  a  bed  of 
sandstone  apparently  broken  by  its  contiguity  to 
trap ;  the  sandstone  near  its  contact  with  the  trap^ 
is  converted  into  a  substance  approaching  to  jasper. 
A  very  interesting  account  is  given  by  Dr.  JVfac* 
CuUoch  of  the  partial  interposition  of  beds  of  trap, 
in  strata  of  sandstone^  on  the  coast  of  Scotland, 
where  the  trap  may  sometimes  be  seen  forming 
apparently  regular  beds  between  strata  of  sand- 
ston^^  and  suddenly  rising  through  part  of  the  upper 
strata^  and  forming  other  beds  above.  A  general 
idea  of  this  mode  of  interposition  is  represented 
Plate  3.  fig.  S.  where  the  strata  under  a  bed  of  co- 
lumnar basalt^  are  intersected  vertically  by  a  dyke, 
and  laterally  by  beds  of  basalt  of  limited  extent.  In 
such  cases  we  may  trace  the  effect  of  a  disturbing 
force^  which  intruded  the  basalt  in  a  melted  or 
softened  state  between  strata  of  sandstone. 

The  beds  of  Derbyshire  toadstone^  and  the  great 
Whinstone  sill  in  Northumberland  and  Durham, 
may  have  been  formed  by  repeated  eruptions  of 
laya  over  the  bed  of  the  ocean ;  or^  what  is  less  pro- 
bable^ they  may  have  been  intruded  long  after  the 
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formation  of  the  strata^  witb  which  they  are  at  pre^ 
sent  associated. 

It  has  been  generally  believed^  that  the  veins  of 
lead  ore  in  Derbyshire^  which  pass  through  the 
beds  of  limestone,  are  entirely  cutoff  by  the  toad- 
stone;  and  if  this  could  be  proved,  it  would  favour 
the  opinion,  that  the  beds  of  toadstone  had  been 
intruded  between  the  beds  of  limestone,  after  the 
formation  of  the  metallic  veins.  In  some  instances, 
however,  the  veins  of  lead  ere  do  pass  into  the  toad- 
stone,  and  are  rich  in  ore.  It  is  now  even  doubted 
whether  all  the  veins  do  not  pass  through  the  beds 
of  toadstone,  though  they  may  become  very  narrow 
or  yield  no  ore  when  in  the  latter  rock.  The  in- 
formation which  I  could  collect  from  the  most  intel- 
ligent miners,  when  I  was  last  in  that  county,  still 
leaves  the  question  undecided. 

Plate  4.  fig.  5.  represents  the  beds  of  limestone 
b.  b.b.  separated  by  beds  of  toadstone  e.  e.  In  this 
section  the  veins  are  represented  as  cut  through  by 
the  toadstone :  if  this  be  really  the  fact,  it  will,  as 
before  stated,  favour  the  opinion  that  they  were  in- 
truded subsequent  to  the  formation  of  the  veins. 

The  interesting  observations  of  Dr.  Daubeny,  in 
his  Sketch  of  the  Geology  of  Sicily,  seem  clearly  to 
ascertain,  that  beds  of  amygdaloidal  trap,  alternating 
with  beds  of  limestone,  have,  in  that  island  at  least, 
been  formed  by  successive  currents  of  lava  flowing 
over  the  bed  of  the  sea,  at  intervals  of  time  so  di- 
stant, as  to  allow  the  deposition  or  formation  of  a 
bed  of  limestone  over  each  current  of  lava.  A  con- 
siderable district  near  Lentini,  on  the  southern  side 
of  Mount  iEtna,  and  also  a  part  of  the  island  near 
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Cape  Passero,  are  composed  of  alternating  beds  of 
lava^  with  tertiary  limestone  abounding  with  organic 
remains  of  madreporites^  nummulites,  ceriihea, 
and  the  remarkable  fossil  called  the  Hippurite. 
Santa  Yen  era,  the  loftiest  mountain  in  the  south 
of  the  island,  is  capped  with  cellular  lava ;  beneath 
it  is  a  bed  of  limestone  with  minute  shells  ;  at  a 
lower  level  towards  Lentini,  there  is  a  second  bed 
of  volcanic  matter  similar  to  the  first ;  and  two  other 
similar  alternations  of  beds  of  limestone  and  lava^ 
occur  still  lower  down.  Dr.  Daubeny  says  that 
the  cellular  and  semivitreous  aspect  of  many  of  the 
volcanic  beds  associated  with  the  beds  of  limestone^ 
precludes  all  doubt  respecting  the  manner  of  their 
formation  :  the  character  of  other  portions  present 
strong  analogies  to  rocks  of  the  trap  family;  ''  they 
are  compact^  and  have  a  stony  fracture ;  they  con- 
tain crystals  of  olivine,  and  the  cavities  are  filled 
with  calcareous  spar  or  zeolites,  like  the  amygda- 
loids  of  more  ancient  strata ;  and  in  some  of  the 
bedSj  a  tendency  to  a  columnar  arrangement  is 
discernible/' 

This  account  of  Dr.  Daubeny's  afibrds  addi- 
tional proof  of  the  close  connection  of  ancient  vol*- 
canic  rocks  with  trap  rocks, — may  wenotadd^  of  their 
perfect  identity  :  it  is  beside  highly  illustrative  of 
the  alternation  of  the  beds  of  basaltic  amygdaloid  in 
Derbyshire,  with  beds  of  limestone.  But  in  both 
instances,  we  must  admit  that  the  beds  were  formed 
under  the  ocean,  before  the  present  islands  and 
continents  had  emerged  from  the  watery  abyss. 

The  disturbances  and  contortions  of  some  of  the 
lower  beds  of  transition  limestone,  in  the  vicinity  of . 
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trap  rocks^  were  Mentioned  in  Chap. VII.  In  6UCh 
instances^  though  frequently  no  visible  connection 
between  the  rocks  of  trap  and  limestone  can  be 
traced  on  the  surface^  there  can  be  little  doubt  that 
6(ich  connection  exists.  The  sin^Iarly  bent  lime^ 
stone  beds  at  Wren's  Nest  Hill  near  Dudley^  are  at 
a  (Considerable  distance  from  the  nearest  basaltic 
hill ;  but  I  observed  in  the  town  of  Dudley,  where 
B  well  was  sinking,  that  the  stone  thrown  out,  was 
granular  basalt  intermixed  with  calcareous  spar. 

Some  species  of  trap  rocks,  and  particularly  the 
softer  kinds  of  basalt,  decompose  rapidly,  and  form 
productive  soils  and  marie.  I  am  inclined  to  be- 
lieve, that  some  of  the  most  fertile  soils  in  En^and 
Were  formed  by  an  intermixture  ivith  decomposed 
basaltic  rocks.  What  has  been  caHed  basakic  tufii^ 
is  a  vokanic  substance,  and  wiHbe  described  among 
volcanic  products.  Some  of  the  trap  rocks,  parti- 
cularly the  porphyritic  traps,  are  metaUifcrdus ;  but 
it  is  rarely  the  case  with  any  of  the  British  trap 
rocks,  and  it  has  before  been  stated,  that  the.  veins 
of  lead  ore  in  Derbyshire,  are  either  cut  off  by  beds 
of  basalt,  or  generally  cease  to  yield  ore  when  pass- 
ing through  basalt. 

Having  described  the  principal  phenomena  at- 
temliftg  trap  rocks,  whether  occurring  in  dykes,  in 
unconformable  masses,  or  interstmtified  with  other 
tv>cks,  it  may  be  proper  to  mention  certain  experi- 
ments that  have  been  made,  to  elucidate  the  forma- 
tion of  basaltic  rocks.  All  farap  rocks  are  fusible, 
and  most  of  them  form  a  bktckish-green  glass  after 
melting :  hence  it  was  inferred,  that  trap  rocks  had 
never  been  in  a  state  of  fusion;  for  if  they  had,  tbey 
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would  have  been  rendered  vitreous^  Sir  James 
Hall^  however^  reflecting  on  the  long  period  of  re* 
frigeration  that  vast  masses  of  melted  rock  would 
necessarity  require  before  they  were  cooled  to  the 
common  temperature  of  the  earthy  was  induced  ^ 
owke  experiments  on  lava  and  basalt;  from  which 
it  was  ascertained,  that  if  a  small  portion  of  liquid 
lava  were  suddenly  cooled,  it  formed  a  bku:k  glfiss^ 
as  was  well  known  to  be  the  case  with  basalt^  but 
if  the  process  of  cooling  were  slow^  both  melted 
lava  and  basalt  became  stone.  When  the  glajss 
which  had  been  formed  by  sudden  cooUqg  was 
melted  again,  and  suffered  to  cool  very  gradu^ly^  i^ 
lost  its  vitreous  character,  and  was  converted  into  a 
substance  resembling  basalt.  Mr.  Gregory  Wat|; 
made  some  experiments  on  the  fusion  and  refrigem* 
tfon  of  basalt,  in  one  of  his  &ther's  furnaces^  which 
throws  much  additional  light  on  the  formation  of 
the  globular  and  columnar  structure  of  bas^tip 
rocks.  He  fused  seven  hundred  weight  of  the  Dud- 
ley basalt  called  Rowley  ragg,  and  kept  it  in  the 
furnace  several  days  after  the  fire  was  reduced*  It 
melted  into  a  dark-coloured  glass  with  less  heat  thftfi 
was  necessary  to  melt  the  same  quantity  of  pig-iron. 
In  this  glass,  small  globules  were  formed^  which 
afterwards  disappeared ;  and  as  the  cooling  pro- 
ceeded, the  mass  was  changed  from  a  vitreous  to  » 
stony  substance :  other  globes  were  again  formed 
within  the  stony  mass^  which  continued  to  enl^gp 
until  their  sides  touched  and  pressed  against  each 
other^  by  which  pressure  the  globes  formed  poly* 
gonal  prisfns.  If  part  of  the  mass  were  cooled  be- 
fore the  giobqlar  structure  was  destroyed,  thes^ 
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globes  were  harder  than  the  surrounding  stone^  and 
broke  in  concentric  layers.  In  this  manner  the 
balls  of  basalt  and  porphyry  which  fall  out  of  de- 
composing rocks  were  probably  formed ;  they  de* 
rived  their  superior  hardness  from  the  crystalline 
arrangement  of  the  particles  when  in  a  melted  state. 
When  these  globes  were  enlarged  by  a  continuation 
of  the  same  process^  they  might  press  on  each  other, 
and  form  prisms.  The  upper  prisms  pressing  by 
their  wei^t  upon  the  lower,  might  form  concavities 
or  sockets,  into  which  they  would  sink,  and  remain 
jointed  together  or  articulated.  Such  is  frequently 
the  structure  of  basaltic  columns. 

Another  experiment,  made  by  Sir  James  Hall,  on 
the  crystallization  of  common  limestone  by  heat, 
and  its  conversion  into  marble,  tends  to  elucidate 
the  effects  produced  by  basaltic  rocks,  on  limestone 
and  chalk  before  mentioned.  Dr.  Button  had  ad- 
vanced the  opinion,  that  beds  of  limestone  were 
formed  of  the  shells  and  exuviae  of  marine  animals, 
which  had  been  melted  by  central  fire,  and  cry- 
stallized. The  first  part  of  this  theory  respecting 
the  entire  formation  of  calcareous  rocks  from  animal 
remains,  it  is  not  necessary  to  discuss  at  present : 
that  a  considerable  portion  of  many  limestone  rocks 
were  so  formed,  cannot  be  denied*  It  was  however 
objected  to  this  theory,  that  the  well-known  action 
of  fire  on  limestone  rocks  would  expel  the  fixed  air, 
and  render  them  soft  and  pulverulent.  To  this 
objection  it  was  replied,  that  as  the  action  of  central 
heat  on  beds  of  marine  shells  took  place  under  the 
ocean,  the  pressure  of  the  water  would  prevent  the 
escape  of  the  fixed  air,  and  would  probably  render 
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the  calcareous  earth  more  fusible.  This  answer  was 
regarded  as  a  mere  hypothesis  for  some  time^  but 
Sir  James  Hall  determined  to  try  its  validity  by  ex- 
periments. Having  calculated  the  resistance  which 
a  column  of  water  fifteen  hundred  feet^  or  any  given 
depths  would  present  to  the  escape  of  fixed  air^  he 
inclosed  a  quantity  of  powdered  chalk  in  a  gun- 
barreL  and  confined  it  in  such  a  manner  as  to  pre- 
sent an  equal  degree  of  resistance.  He  subjected  the 
powdered  chalky  thus  confined  for  some  time^  to  the 
action  of  a  furnace;  it  was  then  drawn  out  and  cooled^ 
and  was  found  converted  into  crystalKne  limestone 
or  marble;  and  in  one  instance^  where  the  chalk  in- 
closed a  shelly  the  shell  had  acquired  a  crystalline 
texture^  without  losing  its  form.  Hence  in  situations 
where  chalk  or  earthy  limestone  are  found  to  have 
a  crystalline  texture^  when  in  contiguity  with  trap 
roclu^  we  may  with  a  high  degree  of  probability 
infer^  that  the  limestone  had  been  fused  by  the  trap. 

A  recapitulation  of  the  facts  and  experiments 
which  prove  the  igneous  origin  of  trap  rocks,  would 
afford  a  mass  of  evidence  which  might  convince  the 
most  sceptical  inquirer ;  but  such  a  recapitulation  is 
needless,  as  in  many  situations  undoubted  currents 
of  lava  pass  into  trap  rocks,  and  we  hav^  ocular  de- 
monstration of  the  &ct. 

The  reason  why  geologists  were  so  long  opposed 
to  the  igneous  origin  of  basaltic  rocks,  may  partly.be 
explained  by  the  attachment  to  received  theories,  and 
partly  by  the  reluctance  to  admit  a  condition  of  our 
planet,  so  remote  from  present  experience.  It  was 
thought  an  ample  claim  on  our  credulity,  when  we 
were  required  to  believe,  that  all  the  habitable  parts 
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of  the  globe  had  been  for  ages  submei^ed  in  the 
ocean^  without  requiring  the  further  belief^  that 
countries  now  remote  from  active  volcanoes,  had 
been  repeatedly  subject  to  the  agency  of  subter* 
ranean  fire.  Yet  both  these  positions  must  be 
granted,  if  we  will  allow  a  legitimate  induction  from 
established  facts. 

The  advocates  of  the  aqueous  origin  of  basaltic 
rocks,  while  they  advanced  theories  which  made 
claims  upon  our  faith,  equally  unsupported  by  pre- 
sent experience,  failed  entirely  in  their  attempts  to 
explain  the  causes  of  existing  phenomena  in  a  sati»- 
fectory  manner.  The  theory  of  Werner  was  for 
some  time  zealously  supported,  and  particularly  the 
least  tenable  part  of  it, — the  formation  of  basaltic 
rocks  by  a  second  rising  of  the  ocean,  which  depo- 
sited them  on  the  summits  of  elevated  mountains.-*-^ 
It  may  be  proper  to  give  a  brief  account  of  this  part 
of  the  Wernerian  system,  before  it  entirely  sinks 
into  oblivion. 

According  to  the  theory  of  Werner,  all  the  super- 
ficial parts  of  the  globe  were  once  in  a  state  of 
aqueous  solution,  from  which  the  materials  were  at 
first  separated  by  chemical  deposition  in  a  crystalline 
state,  and  formed  a  thick  mass  of  granite  round  the 
globe.  Upon  granite,  the  primary  rocks  were  suc- 
cessively deposited,  forming  layers  over  each  other 
like  the  coats  of  an  onion.  Over  these  ag^in  were 
laid  the  transition  rocks;  and  next,  the  earthy  strati- 
fied rocks.  Each  of  these  layers  v?as  supposed  to 
encircle  the  globe,  or  to  be  an  universal  formation. 
While  this  process  was  going  on,  the  waters  were 
gradually  retiring  and  became  turbid :  h6nce  the 
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materials  which  they  deposited  to  form  the  upper 
strata^  were  more  earthy  than  those  of  the  primary 
rocks ;  they  w^re  also  intermixt  with  frag^ments  of 
the  rocks  previously  formed.  According  to  this 
system^  mountains  and  valleys  were  caused  by  the 
original  inequality  of  the  nucleus  of  the  earth.  So 
fer  the  parts  of  Werner's  theory  are  consistent;  and 
we  have  a  world  ready  made^  in  which  every  thing 
might  be  supposed  to  remain  quiet ;  but — non  sic 
Fata  ginunt ; — ^Neptune^  ashamed  of  his  late  retreat^ 
and  indignant  at  his  confinement  in  such  narrow 
limits^  calls  the  infernal  deities  to  his  assistance^  and 
rising  in  his  mighty  once  mor^  takes  possession  of 
the  globe.  He  covers  it  with  the  depurgations  of 
his  turbid  waves :  but  again  he  is  compelled  slowly 
and  reluctantly  to  retire  from  the  fields  leaving  be- 
hind him  the  basaltic  rocks^  the  monuments  of  his 
triumph  and  his  shame. — Such  is  in  substance  the 
theory  of  Werner  respecting  the  origin  of  all  the 
superincumbent  rocks  of  basalt  and  trap.  They  are 
also^  according  to  this  theory^  universal  formations. 
It  is  scarcely  possible  for  the  human  mind  to  invent 
a  system  more  repugnant  to  existing  facts.  Were 
ba^tic  rocks  deposited  from  a  solution  which  cover- 
ed the  globe  after  the  formation  of  secondary  strata^ 
as  Werner  supposes^  every  part  of  the  dry  land  and 
every  valley  must  have  been  incrusted  or  filled  with 
basalt^ — ^it  would  be  the  prevailing  rock  of  every  dis- 
trict On  the  contrary^  basalt  exists  only  in  par- 
ticular situations^  forming  dykes^  and  overlying 
masses  or  beds  of  limited  extent :  nor  do  fragments 
of  basalt  occur  in  any  quantity  to  warrant  the  belief 
that  it  was  ever  formed  universally  over  the  globe : 
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and  what  is  here  said  of  basalt,  applies  equaiUy  to  all 
unconformable  rocks  of  porphyry,  and  the  other  trap 
rocks.  Nothing  but  the  obscure  language  in- which 
this  doctrine  of  Werner  was  advanced^  could  have 
prevented  its  absurdity  from  being  instantly  per- 
ceived and  acknowledged. 

With  respect  to  the  relative  age  of  trap  rocks,  it 
is  evident  that  if  they  are  of  igneous  origin,  they 
may  have  been  formed  at  any  period.  We  have  cer- 
tain indications  that  basaltic  rocks  were  formed  at 
different  epochs ;  some  of  the  basaltic  dykes  which 
cut  through  the  coal  strata  in  the  northern  counties, 
do  not  enter  the  magnesian  limestone  that  covers 
the  coal  strata.  Hence  it  is  clear,  that  such  basaltic 
dykes  were  formed  before  the  magnesian  limestone 
was  deposited;  while  the  Cleveland  basalt  dyke 
passes  through  many  of  the  upper  secondary  strata, 
above  the  magnesian  limestone,  and  is  therefore  of 
posterior  formation  to  that  rock. 


Observations. 

The  unconformable  porphyritic  and  basaltic  rocks,  which  are 
the  subject  of  this  chapter,  cannot  be  classed  according  to  their 
relative  ages,  as  they  occur  with  all  the  other  classes  of  rock. 
From  this  circumstance^  the  author  has,  on  reconsideration,  been 
induced  to  deviate  somewhat  from  the  arrangement  proposed  in 
Chapter  I.,  and  to  place  the  unconformable  massive  rocks  after  the 
primary,  transition,  and  lower  secondary  rocks,  which  cover 
each  other  conformably.  Between  the  deposiUon  of  the  lower 
secondary  and  the  upper  secondary  rocks,  there  appears  to  have 
been  a  considerable  pause  or  interval,  during  which  the  beds  of 
the  lower  rocks  were  elevated,  before  the  upper  were  deposited 
upon  them  unconformably.  Hence  it  was  thought,  (hat  the  de- 
scription of  the  unconformable  massive  rocks  might  properly  be 
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plftced  between  that  of  the  lower,  and  the  upper  secondary :  and 
should  any  of  my  readers  be  disposed  to  deem  the  position  of  this 
chapter  unconformable  with  the  order  first  proposed,  let  them 
recollect,  that  I  had  unconformable  subjects  to  treat  of.  In  the 
brief  sketch  of  the  different  classes  of  rocks  given  in  the  first 
chapter,  it  was  not  tiionght  desirable  to  perplex  the  learner,  or 
disturb  the  regular  succession  of  the  different  classes  of  rock,  by 
introducing  those  which  occur  among  them  all  unconformably.  By 
this  deviation  from  the  original  arrangement,  it  will  be  necessary 
to  make  the  upper  secondary  strata  a  class  distinctfrom  the  lower 
secondary ;  and  the  difl*erence  between  them  is  so  well  marked 
and  definite,  that  they  may  properly  be  regarded  as  forming  two 
classes.  The  alteration  here  mentioned,  amounts  however  to 
nothing  more  than  a  mere  difference  in  the  collocation  of  the 
classes. 
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CHAPTER  X. 

A  RETROSPECTIVE  VIEW  OF  CERTAIN  GEOLO- 
GICAL FACTS  AND  INFERENCES  STATED  IN 
THE  PRECEDING  CHAPTERS. 

Before  we  proceed  to  the  Upper  Secondary 
Rocks^  it  may  be  useful  to  review  some  of  the  lead- 
ing facts  stated  in  the  preceding  chapters^  and  to 
notice  certain  inquiries,  which  may  naturally  pre- 
sent themselves  to  the  mind  of  the  geological  stu- 
dent. It  appears  from  an  examination  of  the  crust 
of  the  globe,  wherever  it  has  been  scientificaUy  ex- 
plored, that  there  is  an  order  of  succession  or  super- 
position in  the  rocks  of  every  country,  which  may 
often  be  traced  over  a  considerable  extent;  and  that 
in  countries  very  remote  from  each  other,  an  ap- 
proximation to  the  same  order  is  observable,  except 
in  one  class  of  rocks  which  are  obtruded  irregularly, 
and  cover  other  rocks  without  any  determinate  order 
of  succession,  as  described  in  the  last  chapter.  It 
not  unfrequently  happens,  that  in  a  series  of  rocks 
which  occur  in  two  distant  districts,  some  members 
of  the  series  may  be  wanting  in  one,  which  we  find 
in  the  other;  but  still  the  order  of  those  rocks  which 
remain  will  be  the  same  in  both.  It  is  easy  to  con- 
ceive that  the  cause  or  causes,  whatever  they  may 
be,  which  have  formed  certain  rocks,  have  been 
limited  in  the  extent  of  their  action,  as  we  know  to 
be  frequently  the  case  on  a  smaller  scale,  where  a 
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Atratmn  of  sandstone^  &c.  after  preserving  its  riega-' 
kr  thickness  for  several  miies^  becomes  gradually 
narrower^  tillat  lengthy  in  the  language  of  the  niner, 
it  wedges  out,  and  the  stratum  above  and  beneafii 
come  in  immediate  contact.  In  other  instances^ 
the  rock  which  is  interposed  between  two  well 
known  and  identical  rocks  in  distant  districts^  is  not 
the  same  in  both  :  this  may  be  frequently  observed 
among  the  upper  secondary  strata^  which  will  next 
be  described.  In  such  cases,  the  different  rocks 
that  occur  in  the  same  geofogic^  position  have  been 
called  equivalents  of  each  other.  An  instance  men- 
tioned in  a  preceding  chapter^  may  serve  to  explain 
vrhot  is  meant  by  a  geological  equivalent.  In  the 
beds  of  transition  limestone  At  Llanymynal^  which 
are  very  rq^larly  stratified,  one  stratum  of  the 
best  limestone  suddenly  terminates,  and  its  plaee 
is  supplied  by  a  bed  of  marie  of  equal  thickness;  in 
the  same  manner  as  we  might  suppose  part  of  a 
course  of  bricks  to  be  taken  out  of  a  wall,  and  its 
place  filled  up  with  clay ;  the  cky  would  be  the 
equivalent  of  the  course  of  bricks. 

In  many  of  the  lower  conformable  rocks,  there  is 
a  frequent  tendency  to  reproduction  in  the  upper 
parts  of  the  series  :  thus,  though,  the  regular  order 
of  succession  may  he  granite,  gneiss,  mica-slat€^ 
and  date  (the  clay-slate  of  Werner),  we  often  find 
beds  of  granite  among  gneiss  and  mica-date>  and 
sometimes  even  in  slate.  When,  however,  we  con*- 
sider,  that  the  chemical  composition  of  afl  these 
rocks  is  very  neariy  the  same;  that  silex  fonns  on 
the  average  thnee*fourths  of  their  constituent  parts, 
andahnnine  aboutone-sixth  or  one-eighth, — the  pro*- 
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portiongof  the  remaining^  parts  cannot  greatly  affect 
the  condition  of  the  mass ;  and  it  is  to  the  circum- 
stances, (whatever  they  may  bej  which  have  occa- 
sioned a  more  or  less  rapid  consolidation  of  the  parts^ 
that  we  ought,  probably,  to  attribute  the  formation 
of  gpranile  in  one  part  of  a  mountain,  and  of  gneiss, 
mica^slate,  or  slate  in  another,  and  the  reappearance 
of  granite  above  the  latter  rocks.  An  inquiry  na- 
turally suggests  itself,  on  observing  that  the  order 
of  succession  in  rocks  is  not  invariably  the  same  in 
diatant  countries  ;  Are  the  similar  rock  formations 
in  distant  parts  of  the  world  cotemporaneous  ?  or 
were  rocks  of  different  classes  forming  at  the  same 
period  ?  Is  the  granite  of  England  for  instance, 
more  or  less  ancient  than  the  granite  of  the  Alps  ? 
Or,  are  the  secondary  strata  of  one  country,  as  old 
as  the  primitive  rocks  of  another  P 

Were  it  not  for  the  organic  remains  in  different 
rocks,  we  could  not  (as  Cuvier  has  well  observed,) 
be  certain  that  all  rock  formations  were  not  cotem- 
poraneous. With  respect  to  those  rocks,  which 
contain  no  organic  remains,  and  under  which  there 
are  no  other  beds  containing  organic  remains,  we 
must  grant  that  they  may  be  cotemporaneous,  or 
they  may  have  been  formed  at  different  and  distant 
epochs.  The  beds  of  granite  which  are  nearly 
vertical  in  mountain  ranges,  must  have  acquired  a 
considerable  degree  of  solidity,  before  the  period 
when  the  beds  were  raised :  but  if  we  date  their  age 
from  the  epoch  of  their  elevation,  we  shall  be  ob- 
liged to  admit  the  different  ages  of  granite  moun- 
tains, and  that  the  granite  of  Chamwood  Forest  is 
more  ancient  than  that  of  the  Alps.    Of  this  we 
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have  as  direct  proof  as  we  could  possibly  require. 
In  the  Alps^  the  beds  of  the  upper  secondary  strata, 
analogous  to  our  magnesian  limestone^  lias,  and 
oolite,  are  raised  into  nearly  a  vertical  position  con- 
formable to  that  of  the  beds  of  granite,  and  they 
must  all  have  been  elevated  at  the  same  time. — See 
Plate  S.  fig.  3.  where  the  relative  situation  of  the  beds 
of  upper  secondary  limestone  is  represented,  a.  a. 

At  Charnwood  Forest  in  Leicestershire,  very 
highly  inclined  beds  of  granitic  and  slate  rocks 
are  covered  with  horizontal  beds  of  the  upper  se- 
condary strata,  analogous  to  those  in  the  Alps. — See 
Plate  2.  fig.  4.  a.  a.  Now  it  is  evident  that  the  gra- 
nitic and  slate  rocks  were  raised  before  the  hori* 
zontal  strata  were  deposited  upon  them.  Hence  we 
attain  the  knowledge  of  an  interesting  fact  in  the 
natural  history  of  our  island ; — its  low  ranges  of  pri* 
mitive  or  transition  hills  are  more  ancient  than  the 
majestic  mountains  of  Switzerland  and  Savoy  :  nor 
can  this  conclusion  be  invalidated,  unless  we  admit 
what  would  be  contrary  to  analogy,  that  secondary 
strata,  possessing  the  same  geological -relations  and 
the  same  organic  remains,  were  formed  at  differ- 
ent epochs.  I  have  cited,  the  Charnwood  Forest 
hills^  because  there  the  proof  is  more  direct  and 
palpable  than  at  the  Malvern  Hills  or  elsewhere;  for 
the  horizontal  upper  secondary  strata,  may  be  seen 
resting  immediately  on  highly  inclined  beds  of  gra- 
nitic and  schistose  rocks. 

The  horizontal  beds  resting  on  the  Charnwood 
Forest  granite  and  slate,  are  composed  of  sand- 
stone, a  part  of  the  red  marie  and  sandstone  forma- 
tion ;.  and  at  a  little  distance  the  sandstone  is  cover* 
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ed  by  strata  of  lias  limestone^  b.  b.  which  determine 
its  relative  age.  In  some  parts  the  sandstone  strata 
also  cover  the  coal  strata^  and  the  latter  rise  very 
abruptly  as  they  approach  the  granite  in  the  north. 
At  the  Vosges  mountains  in  France^  the  same  red 
marie  and  sandstone^  associated  with  lias  covers 
the  gratiite  and  coal  strata  unconformably. 

When  M.  Daubuisson  published  his  Traiti  de 
Geognosie  in  1819^  he  asserted^  that  the  beds  of 
granite  in  the  Alps  were  raised  into  their  present 
vertical  or  highly  inclined  position  soon  after  their 
original  formation.  I  visited  the  Alps  in  the  two 
following  years^  and  the  appearances  presented  by 
the  secondary  strata  compelled  me  to  draw  a  very 
different  inference  respecting  the  period  when  the 
beds  of  granite  were  elevated^  which  I  stated  in  the 
second  volume  of  my  Travels^  published  in  1823. 

''One  important  feet  may  be  deduced  from  these 
elevated  beds  of  pudding-stone,  sandstone,  and 
other  strata,  comparatively  modem,  ranging  con* 
formably  with  beds  of  granite  and  gneiss ;  namely^ 
That  the  beds  of  granite  did  not  acquire  their  ele« 
vated  position  till  after  the  formation  of  the  second* 
ary  strata.     In  England,  the  elevation  of  the  beds 
of  granite  was  anterior  to  the  deposition  of  the  up- 
per strata,  consisting  of  magnesian  limestone,  lias 
limestone,  oolite,  chalk,  and  the  intervening  sand- 
stones ;  for  all  these  strata  lie  nearly  flat  over  the 
edges  of  the  inclined  understrata.  On  the  contrary^ 
in  Savoy,  strata  of  similar  formations  occur  nearly 
vertical,  and  frequently  conformable  to  the  range 
and  dip  of  the  granitic  formations.    These  iacts 
would  prove,  that  the  causes  which  have  elevated 
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granite^  have  acted  at  different  epochs  on  various 
parts  of  the  globe^  unless  we  are  prepared  to  admit 
that  similar  calcareous  formations^  containing  simi- 
lar organic  remains^  were  not  cotemporaneous  in 
different  countries/' 

In  the  latter  part  of  the  same  volume  I  further 
stated^  that  as  some  of  the  strata  on  the  Diableret 
mountains  in  the  Yallais  contain^  at  the  height  of 
seven  thousand. feet^  fossils  similar  to  those  of  the 
tertiary  strata  in  the  Paris  Basin^  it  was  more  rea- 
sonable to  believe  that  they  had  been  raised  since 
their  deposition^  than  that  freshwater  formations 
had  covered  any  part  of  the  earth  at  such  a  vast 
elevation ;  and  hence  we  may  infer,  that  the  epoch 
when  the  granite  of  the  Alps  was  raised^  is  compa- 
ratively recent*. 

It  may  be  said  that  geologists  formerly  admitted 
the  different  ages  of  granite ;  by  this  they  gene- 
rally meant  to  apply  the  term  Newer  Granite^  to 
the  beds  of  granite  which  occur  in  gneiss  or  mica 
slate^  which  being  above  the  great  formations  of 
granite,  may  perhaps  be  regarded  as  more  recent. 
Some  geologists  have  indeed  attempted  to  discover 
a  difference  in  the  age  of  different  granites  which 
they  regard  as  primary ;  but  they  have  not  clearly 
informed  us  whether  they  admit  the  existence  of  an 
older  primitive  granite^  under  the  newer.     The  at- 

*  Since  the  author  published  his  opinioa,  in  1823,  respecting 
ihe  recent  elevation  of  the  Alps,  founded  on  an  attentive  exami- 
nation of  the  stmciure  of  the  Pennine  and  Bernese  Alps ;  M.Voa 
Bnch,  M .  L.  Elie  de  Beaumont,  and  M .  Andre  de  Luc,  of  Geneva^ 
have  advanced  similar  opinions,  and  stated  that  the  elevation  of 
those  mountains  tookplace  after  the  formation  of  the  tertiary  strata. 


SS6  ON  COTBMPORANBOm 

tempts  which  have  been  made  to  distin^ish  the 
newer  and  older  primitive  granites  by  their  mineral 
characters  appear  so  nugatory^  that  I  feel  much  sur- 
prise that  M.  Humboldt^  a  geologist  to  whom  science 
owes  so  much^  should  have  lent  the  sanction  of  his 
authority  to  such  a  useless  labour.  In  every  coun- 
try^ granite^  under  whatever  mode  it  may  present 
itself^  whether  large  or  small  grained,  or  slaty^  if  it 
be  the  lowest  rock  that  can  be  observed^  and  if  it 
be  covered  by  either  gneiss^  mica-slate^  or  shte^ 
may  be  regarded  as  the  primitive  foundation  rock 
of  that  country^  if  there  be  any  use  in  preserving 
the  term  :  its  relative  age^  compared  with  that  of 
other  countries^  can  only  be  determined  by  the  posi- 
tion of  the  rocks  that  rest  upon  it. 

With  respect  to  the  identity  of  age^  or  what  is 
pedantically  named  the  synchronism  of  rock  forma- 
tions in  distant  countries^  there  can  be  little  hesita^ 
tion  in  admitting  it^  where  the  association-  with 
other  rock  formations  is  similar  in  both  countries^ 
and  particularly  where  a  similarity  of  mineral  cha- 
racter is  observable.  It  will  not  be  denied  that 
the  chalk  and  oolite  in  Yorkshire^  were  cotempo- 
raneotis  with  certain  parts  of  the  chalk  and  oolite 
formations  in  the  southern  and  western  counties.  In 
the  same  manner^  we  may  admit  thatthe  chalky  and 
oolite^  and.lias^  on  the  opposite  side  of  the  Channel, 
in  France^  are  cotemporaneous  with  similar  forma-- 
tions  in  England^  with  which  they  preserve  an 
identity  of  mineralogical  and  zoological  characters. 
Having  once  traced  these  formations  to  the  North 
of  France^  we  may  admit  their  identity  with  similar 
formations,  preserving  the  same  identity  of  character 


RMIL  FORM  AtlOKS.  927 

thfough  many  of  the  inhnd  departments  of  Frances 
and  to  the  Safins  at  the  foot  ofthe  Jura  range.  Over 
so  large  an  extent  of  country  we  may  expect  to 
find^  as  we  do  in  distant  districts  in  England^  that 
certain  parts  of  a  series  which  occur  in  a  certain 
formation  in  one  place^  are  wanting  in  another* 
In  France^  some  beds  occur^  in  the  lias  for  instance^ 
which  have  not  hitherto  been  found  in  Great  Bri<- 
tain  :  but  making  allowance  for  such  partial  varia* 
tions^  we  cannot  hesitate  to  admit  the  identity  of 
the  formations  in  both  countries^  and  also  their 
identity  of  age.  When  we  enter  the  Jura,  or  the 
g^eat  calcareous  ranges  of  the  AIps^  the  enormoits 
thickness  of  the  beds,  which  are  frequently  inac- 
cessible^ and  the  indurated  and  subcrystaliine  i€X^ 
ture  which  they  often  assume,  present  considerable 
difficuhies,  when  we  attempt  to  identify  them  with 
well  known  formations.  Much  confusion  and  con^ 
tr»rie<y  may  be  observed  in  the  classification  of 
tbese  rocks  by  different  geologists:  but  this  has 
partly  arisen  from  the  observers  not  being  thoroughly 
acquainted  with  the  formations  with  which  they 
were  to  make  the  comparison,  and  partly  from  the 
vi^e  and  contradictory  use  of  the  terms  Alpine 
limestone  {ealcaire  Alpin),  and  Jura  limestone  (col- 
emrede  Jura).  There  is,  however,  in  some  parts 
of  these  mouTrtains,  both  an  identity  of  mineral; 
and  of  zoological  characters^  with  some  of  the 
formations  in  the  upper  secondary  strata  in  En- 
gland. A  thick  bed  of  blue  lias  fiUed  with  the 
GrypluDa  areuata,  in  the  mountains  on  the  lake  of 
Annecy,  and  fragments  of  oolite,  like  that  of  Glou- 
cestershire, from  the  top  of  Mont  Grenier,  near 

«  8 
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Chamberry^  left  me  no  doubt  of  the  identity  of  the 
formations  of  England^  France^  and  Savoy;  and  no 
reason  can  be  assig^ed^  which  might  lead  us  to  infer 
that  the  similar  formations  in  each  country  were 
not  cotemporaneous.  With  respect  to  very  remote 
countries^  or  the  countries  in  opposite  hemispheres, 
we  have  as  yet  few  data  to  determine  whether  there 
be  an  identity  of  fossil  remains,  which  can  identify 
formations  that  may  appear  analogous,  when  they 
occur  in  very  different  latitudes,  and  under  very 
different  degrees  of  temperature. 

There  is  another  circumstance,  independent  of 
climate  or  remote  distance,  that  may  have  occa- 
sioned a  change  in  the  genera,  and  even  in  the 
orders  and  classes  of  animals,  whose  remains  are 
found  in  similar  strata.  The  ocean  may  have  been 
much  deeper  in  one  part,  than  in  another  not  very 
remote,  and  the  deepest  bed  of  the  ocean  might 
support  genera  of  pelagian  animals* ;  while  a  more 
shallow  adjacent  part,  might  be  tenanted  by  different 
genera,  and  even  different  orders  and  classes  of 
animals,  whose  organization  fitted  them  for  moving 
nearer  the  surface  of  the  water.  The  transition 
strata  were  probably  formed  under  a  great  depth  of 
the  sea:  and  the  animals  that  possessed  the  power  of 
locomotion  in  an  eminent  degree,  whose  remains 
are  found  in  those  strata,  are  not  numerous;  these 
are  the  chambered  univalve  Moluscae.  Their  shells 
are  mostly  cylindrical  or  conical,  divided  into  differ- 
ent cells,  with  a  tube  or  siphunculus  passing  through 

*  Pelagian  animals,  so  called  by  naturalists  becavse  they  live 
in  deep  seas. 
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each  cell^  by  which  they  were  enabled  to  exhaust 
the  water^  and  rise  to  the  surface  from  immense 
depths.  The  shells  of  these  animals  did  not  form  an 
outer  coverings  but  were  partly  enveloped  in  their 
bodies ;  they  had  heads  surrounded  by  feelers  and 
large  eyes^  their  beaks  were  like  those  of  the  parrot*. 
The  feelers  which  surrounded  their  heads^  served 
them  for  seizing  their  prey^  and  for  swimming  and 
walking  at  the  bottom  of  the  sea ;  they  swam  with 
their  heads  behind  them^  and  when  they  walked 
their  heads  were  downward.  There  are  only  two 
known  genera  of  chambered  animals  of  this  class 
inhabiting  the  present  seas ;  the  Nautilus^  and  the 
Spirula, — their  shells  are  spiral :  the  greatest  num- 
ber of  chambered  fossil  shells  found  in  the  upper  se- 
condary strata  are  also  spiral^  and  are  well  known^  as 
Aiiimonites  and  NautilUes.  It  is  probable  that  the 
animals  that  had  straight  chambered  shells^  possess- 
ed greater  facility  of  rising  to  the  surfece  thcLn  the 
spiral  ones^  and  accordingly  we  find  them  chiefly 
in  the  oldest  and  lowest  formations.  The  animals  of 
this  class  having  heads  and  various  senses^  seem  to 
rank  high  in  the  scale  of  sentient  organic  beings ; 

*  The  animals  of  this  Order^  to  i?hicb  Cnvier  has  given  the 
name  of  Cephalopodes^  from  their  feelers,  which  serve  as  feet, 
being  attached  to  their  heads,  comprise  several  genera,  as  the 
SiCpia  or  scuttle-fish,  the  calmar,  &c.  but  these  animals  have  no 
shells.  There  are  only  two  known  living  species  of  Cephalo. 
podes  with  chambered  shells.  The  Argonauta,  common  in  the 
Mediterranean,  has  an  open  unchambered  shell.  There  are  nu- 
merous minute  microscopic  chambered  shells  found  in  the  pre- 
sent seas,  but  according  to'Cuvier  the  living  animal  has  never 
yet  been  observed. — Regne  Animal^  torn.  ii.  p.  367. 
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but  tbey  are  not  numerous  till  we  rise  mto  the  up* 
per  secondary  strata  above  the  coal  formation.  Very 
few  spiral  uncbambered  shells  occur  in  the  transi- 
tion rocks ;  for  these  animals  crawl  on  their  beUiea 
like  tbe  snail^  and  do  not  seem  fitted  to  live  in  deep 
water,  unless  like  the  Helix  Janthina^  which  nearly 
resembles  the  snail  and  lives  in  the  Southern  Ocean^ 
they  had  little  appendages  like  bladders,  which  en- 
abled them  to  rise  to  the  surface*. 

Univalve  uncbambered  spiral  shells  become  nume- 
rous  in  the  upper  strata,  probably  fixim  the  circum- 
stance that  these  strata  wer^  deposited  under  shal- 
lower seas.  With  respect  to  that  class  of  the  testaceous 
Moluscm  which  did  not  enjoy  the  privtl^e  of  having 
heads  and  eyes,  their  motives  for  travelling,  whe- 
ther for  pleasure  or  necessity,  must  have  been  few 
indeed ;  and  they  may  be  supposed  to  enjoy  life 
as  well  in  the  deq;>est  recesses  of  the  ocean,  as 
nearer  its  sur&ce.  The  tenants  of  bivalve  shells^ 
called  by  Canier  Acephales'f,  have,  however,  a  power 
of  locomotion,  which  they  effect,  some  by  thrusting 
out  a  membrane  called  a  foot,  and  with  it  they  also 
attach  themselves  to  rocks  or  other  bodies,  by  a 
number  of  filaments  called  the  Byssus,  which  they 
can  remove  at  pleasure ;  but  others  have  two  tubes, 
with  which  they  force  out  water  with  considerable 
violence,  and  impd  themselves  in  an  opposite  di- 
rection ;  and  others  again,  by  a  strong  muscular 


*  All  uQchambered  spiral  shells  were  occopied  by  animals 
which  had  an  organ  of  motion  placed  nnder  the  body,  as  in  snails ; 
they  had  heads,  and  they  are  called  by  Cuvier,  Goiteropodes. 

f  Acephales — ^having  no  heads. 
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action  in  opening  and  shutting  their  shells^  can 
jump  twelve  inches  at  one  leap. 

All  these  modes  of  motion  however^  though  suflS- 
cient  for  the  wants  of  the  animal^  are  very  limited 
in  their  operation^  and  are  equally  adapted  for  ani- 
mals in^deep  or  shallow  seas^  in  rivers  or  lakes: 
accordingly  we  find  numerous  testaceous  Moluscse 
0f  this  class,  both  in  the  transition,  the  secondaiy, 
and  the  tertiary  strata,  and  in  our  present  seas  and 
lakes,  and  at  various  depths. 
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CHAPTER  XL 

ON  THE  UPPER  SECONDARY  ROCKS- 

On  the  Mineral  and  ZoQlogical  characters  i?hich  distingnisb 
Rocks  of  this  Class. — I^arge  Saurian  Animals.— Magnesiaa 
Limestone  or  Dolomite .-*-0n  the  occurrence  of  Magnesiaa 
Earth  in  Calcareous  Rocks. — Compact  and  cellular  Mag- 
nesian  Limestone. — English  Strata  of  Magnesian  Limestone 
compared  i?ith  those  on  the  Continent  of  Europe. — Red 
Marie  and  Sandstone. — Variety  of  its  Mineral  characters. — 
The  accordance  of  the  English  Strata  of  red  Marie  with  those 
of  France  and  Germany  ascertained. — ^The  red  Marie  and 
Sandstone  of  the  Vosges. — English  red  Marie  and  Sandstone 
formed  principally  of  the  fragments  of  Trap  Rocks  and  Trans, 
ition  Rocks,  which  formerly  covered  the  midland  parts  of 
England. — Rock-salt  and  Gypsum. — ^The  Gypsum  accom* 
panying  Rock-salt  originally  anhydrous.f^Rock.salt  forma, 
lions  in  various  parts  of  the  world. — On  the  invariable  asso- 
ciation of  Gypsum  with  Rock-salt. 

XHE  upper  secondary  rocks  in  the  present  ar- 
rangement, comprise  aU  the  different  formations 
above  the  great  regular  coal  formation,  and  termi- 
nate with  chalk,  which  is  the  uppermost  forma- 
tion of  this  class.  The  general  mineral  characters 
of  the  upper  secondary  strata  may  be  briefly  de- 
scribed ;  they  are  principally  calcareous,  though 
siliceous  sandstone,  and  thick  beds  of  sand  and  clay 
form  parts  of  the  series.  The  calcareous  strata 
have  an  earthy  appearance,  but  some  traces  of 
a  crystalline  structure  is  occasionally  to  be  ob- 
served.    No  beds  of  good  mineral  coal  are  found 


MINERAL  CHARACTERS.  SS9 

in  the  upper  secondary  strata  in  England^  and  in- 
stances are  rare  of  their  occurrence  in  similar  for- 
mations on  the  Continent.  Neither  metallic  reins 
nor  bedsdeserving  notice^  except  of  iron  ores^  occur 
in  this  class  of  rocks^  nor  do  they  afford  any  of  the 
rare  species  of  crystallized  minerals.  Rock-salt  and 
gypsum  are  the  mcSst  valuable  minerals  found  in 
the  upper  secondary  strata^  and  it  is  from  them  that 
all  the  important  salt-spriilgs  issue.  Some  of  the 
rocks  in  this  class  yield  useful  materials  for  archi-* 
tecture^  but  the  stone  is  too  generally  soft  and  pe-> 
rishable.  To  the  rocks  of  this  class^  Werner  gave 
the  name  of  floetz  or  flat  rocks^  because  in  the 
northern  parts  of  Europe  they  are  generally  ar* 
ranged  nearly  in  horizontal  strata ;  but  this  cha- 
racter is  altogether  inapplicable  to  the  upper  secon- 
dary strata  in  the  outer  ranges  of  the  Alps^  and  in 
the  Jura  chain,  where  they  may  be  observed  bent 
in  every  possible  direction^  and  sometimes  nearly 
vertical. 

It  has  been  stated  in  the  preceding  chapters^ 
that  the  coal  strata^  which  are  interposed  between 
the  transition  rocks  and  the  upper  siecondary  strata^ 
contain  almost  exclusively  the  organic  remains  of 
vegetables;  while  the  fossils  in  the  lower  or  transi- 
tion class^  belong  almost  exclusively  to  marine  ani- 
mals. Another  great  change  appears  to  have  taken 
place  in  the  condition  of  our  planet  after  the  depo<« 
sition  of  the  coal  strata^  for  the  upper  secondary 
strata  contain  principally  the  remains  of  marine 
animals.  It  is  in  the  strata  belonging  to  this  class> 
that  the  remains  of  vertebrated  animals  are  first 
distinctly  observed.     Among  these  we  find  the 
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bones  of  the  mighty  monsters  of  an  anient  creation^ 
-—monsterB  whose  extraordinary  forms  are  still  more 
astonishing  than  their  immense  magnitude.  Some 
of  these  animals^  of  the  saurian  or  limrd  order,  at* 
tained  the  length  of  forty  feet  or  more,  and  appear, 
from  the  structure  of  the  teeth  and  the  organs  of 
motion,  to  have  united  to  the  voracity  of  the  croco- 
dile, the  power  of  darting  through  the  water  on  their 
prey  wRh  inconceivable  rapidity.  Others^  whose 
heads  and  bodies  preserved  the  form  of  saurian  ani- 
mals, had  necks  so  long,  that  when  extended  out  of 
the  water  (hey  must  have  resembled  immense  hydras. 
These  animals  had  paddles  in  the  place  of  feet,  to  ac- 
celerate their  motion  through  water.  Again,  other 
large  animals  of  this  ord^  had  feet  like  those  of  the 
crocodile,  and  were  probably  amphibious :  indeed 
jkhe  occurrence  of  large  fossil  vegetable  stems  in 
the  same  strata,  proves  that  there  was  dry  land  in  the 
vicinity. 

It  further  appears,  from  the  recent  researches 
pf  Ouvier,  that  some  of  the  lizard-shaped  animals 

had  wings^  and  realized  the  fabulous  creations  of  ^ 
the  poet — they  were  flying  dragons.  The  remains 
of  the  large  saurian  animds  are  more  frequent  in  the 
middle  part  of  the  series,  in  the  strata  of  this  class, 
than  in  the  upper  or  lower  part ;  indeed^  in  the 
lowest  members  of  this  series  they  have  not  yet 
been  discovered.  It  is  truly  remarkable,  that 
throi^hout  the  whole  series  of  the  upper  secondary 
strata,  no  bones  of  mammiferous  land  quadrupeds 
have  yet  been  founds  unless  the  strata  at  Stonesfidd, 
present  a  solitary  exception. 

Lignite  or  wood-coal^  and  remains  of  vegetables. 
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occur  in  some  of  the  fonnatiom  in  this  cla88^  and 
also  river  sheUs. 

In  England^  the  order  of  succession  of  the  upfier 
secondary  rocks  may  be  more  distinctly  ascertained 
than  in  any  other  country  that  has  yet  been  exa- 
mined. I  shall  therefore  describe  them  as  they  occur 
in  our  own  country^  with  references  to  foreign  loca- 
lities^ where  the  same  beds  or  formations  are  weU 
identified  with  the  English  strata.  Geologists  on  the 
Continent^  and  particularly  in  France^  had  till  very 
recently^  no  accurate  knowledge  respecting  several 
of  these  formations;  and  their  classifications  of 
them  are  vague  and  contradictory*.  More  atten- 
tion^ liowever^  has  very  lately  been  directed  to  this 
part  of  the  geology  of  France;  and  the  dear  ac- 
counts which  have  been  published  by  M.  Beaumont 
in  particular^  of  some  of  these  formations^  remove 
much  of  the  obscurity  which  prevailed  respecting  it^ 
and  prove  in  a  satisikctory  manner  the  great  simi- 
larity which  may  be  observed  in  the  similar  forma- 
tions of  England  and  France. 


^  M.  Humboldt  and  some  other  French  geologists  dedgnate 
magnedan  limestone  by  the  name  of  Calctdre  Mpin,  Bat  M. 
Bonnard  applies  the  term  to  all  secondafjr  limestones,  and 
even  to  our  upper  transition  or  mountain  limestone :  indeed  his 
arrangement  of  these  formations  presents  an  inextricable  tissue 
of  confndon.  It  is  greatly  to  be  regretted  that  the  late  justi j 
lamented  Rev.  W.  D.  Conybeare,  after  admitting  that  moon, 
tain  limestone  had  nine  characters  in  ten,  common  to  trandtion 
limestone,  should  have  l>een  induced  to  create  a  new  name  for 
it,  and  that  too,  singularly  inappropriate,  ^Carboniferoui  limem 
itone  ;*  for  wherever  ilus  limestone  appears,  there  is  no  good 
coal  below  it.  By  classing  it,  as  it  should  be  placed,  with  trans- 
ition limestone,  numerous  mistakes  would  be  avoided. 
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Upper  Secondary  Class. 

1.  Magnesian  limestone. 

a  Compact  .,.••.     Zeichstein. 

b  Celialar Rauche  fVaeke. 

c  Conglomerate* 

2.  Red  Marie  and  Sandstone*. 

a  Lower  with  Conglomenite  >  Gres  rcnge  ancieny  or  Roth^ 
aod  Porphyroidal  Beds,    y     iodic  liegemU, 

b  Middle Gres  des  Fosges, 

c  Upper  with  Rock  Salt  andl  ^^^^  Bigarri. 
Gypsum J 

3.  Lias  Limestone  and  Lias  Clay. 

a  lowest  beds  wanting  in  En- 1  Muschelkaik. 

gland J 

b  Lias  and  Lias  Clay  .     •         Calcaire  a  gryphilei. 

4.  Oolite  with  subordinate  Beds  of  Clay  f. 

a  Lower  OoIite«  T 

Oxford  or  Clunch  Clay.    I  Calcaires  ooliiiquesj  of  which 
b  Middle  Oolites.  >     the  French  now  admit  three 

Oaktree  Clay.  divisions, 

c  Upper  Oolites. 

5.  Sand^  Sandstone^  and  Clay. 

a  Iron  Sand       ....        Gresferrugineux. 

6  Weald  Clay.  .^  ^      ,^_  .„ 

c  Green  Sand    ....      f  Gres  vert  ^mlGlauconteCr ay. 

(^     euse  de  Brongniart. 

6.  Chalk. 

a  Chalk  Marie  ....         Crate  tufau  de  Brongniart, 
b  Lower  Chalk       •     •     .         Craie  inferieure. 
c  Upper  Chalk       .    .     .         Craie  superieure. 

*  This  division  of  the  red  sandstone  and  also  of  the  lias,  is  fully 
made  out  by  M.  L.  £.  de  Beaumont,  as  will  be  stated  hereafter. 

-)-  Many  geologists  class  the  oolites  with  the  Jura  limestone ; 
but  this  classifiqition  is  too  indefinite,  as  the  Jura  limestone 
comprises  several  formations. 
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Magnesian  limestone. — The  geological  position 
of  this  rock  is  immediately  over  the  great  coal 
formation^  which  it  covers  unconformably^and  under 
the  red  marie  and  sandstone.     When  the  magne- 
sian  limestone  is  absent^  the  red  marie  occupies  its 
place :  some  geologists  regard  the  magnesian  lime- 
stone as  an  accidental  formation  in  the  red  marie. 
Magnesian  limestone  is  so  called^  because  some  of 
the  beds  contain  a  large  portion  of  mag^esia^  com- 
bined with  calcareous  earth.     The  occurrence  of 
magnesia  as  a  constituent  part  of  calcareous  rocks^ 
is  not  peculiar  to  this  limestone;  many  limestones  of 
the  primitive  and  transition  classes  contain  magnesia : 
it  was  first  noticed  by  Dolomieu^  and  such  lime- 
stones are  called  Dolomites.    Primitive  dolomite  is 
minutely  granular^  and  is  generally  so  pulverulent, 
that  it  may  be  reduced  to  powder  by  the  fingers. 
Transition  dolomites,  and  the  dolomites  in  the  upper 
secondary  strata,  possess  no  well  marked  external 
characters,  by  which  the  presence  of  magnesia  may 
be  ascertained :  they  dissolve  more  slowly  in  acids 
than  common  limestone.    The  presence  of  mag- 
nesian earth  in  the  proportion  of  nearly  one  half  in 
certain  limestones,  is  a  fact  that  strongly  militates 
against  the  theory  which  ascribes  the  formation  of 
all  limestone  rocks  to  animal  secretion ;  unless  it 
shall  be  found  that  magnesian  earth  is  contained 
in  the  sheUs  and  exuviae  of  marine  animals.     I  be- 
lieve no  analyses  of  shells  or  coral  have  yet  been 
made,  in  order  to  ascertain  the  presence  of  mag- 
nesia as  one  of  their  constituent  elements.    Should 
magnesia  be  found  in  the  exuviae  of  certain  orders 
of  marine  animals,  and  not  in  others,  it  would  not 


S38  1IA0NS8IAN  LIME8T0KE. 

only  &votir  the  opinion  that  limestone  was  of  animal 
origin^  but  might  also  explain  the  cause  of  the  alter- 
nation of  beds  of  magnesian  limestone  with  beds 
of  common  limestone  in  the  same  mountain.  Or 
should  shells  of  the  same  species  contain  magnesia^ 
and  others  only  calcareous  earthy  it  would  prove 
that  under  different  circumstances^  the  same  animal 
might  form  its  shell  of  different  constituent  parts. 

The  magnesian  limestone  is  distinctly  stratified^ 
the  strata  vary  in  thickness  from  a  few  inches  to  se- 
veral feet;  in  the  northern  counties  of  England  they 
are  nearly  horizontal^  they  border  the  great  coal 
formation  and  cover  it  on  the  eastern  side.  This 
formation  of  limestone  extends  from  the  mouth  of 
the  Tyne  to  near  Nottingham.  The  colour  of  the 
,  limestone  is  generally  a  yellowish  or  reddish  brown^ 
varying  in  intensity  from  a  fawn  colour  to  that  of 
an  overbumt  brick.  Some  of  the  lowest  beds  are 
blueish  and  slaty^  and  intermixed  with  marie ;  but 
these  beds  do  not  rise  to  the  surface  in  Durham^ 
and  their  nature  is  little  known.  Some  beds  of 
magnesian  limestone  have  a  granular  sandy  struc- 
ture, others  are  imperfectly  crystalline ;  tlray  pos- 
sess a  considerable  degree  of  hardness.  A  cellular 
variety  of  this  limestone  occurs  near  Sunderland; 
which  has  received  the  name  of  Honeycomb  lime- 
stone ;  it  agrees  in  most  of  its  characters  with  the 
rauche  wacke  of  Th«ringia,  which  is  part  of  the 
zetohstein  formation^ 

Many  of  the  beds  of  this  limestone  yield  a  foetid 
smell  when  struck  with  a  hammer.  The  quantity 
of  magnesia  in  the  different  beds  of  this  limestone 
varies  from  SO  to  45  per  cent,  and  some  of  the  beds 
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contain  little  or  no  magnesia.    At  Sunderland^  the 
beds  of  oiagnesian  limestone  are  more  developed 
than  in  any  other  part  of  England  that  I  am  acquaint- 
ed with.  In  an  account  I  published  of  the  Geology  of 
Durham  in  the  Philosophical  Magazine  for  18 15^ 
I  estimated  the  total  thickness  at  one  hundred  and 
fifty  yards.     Below  the  surface^  this  limestone  has 
been  bored  into^  to  a  considerable  depth ;  the  lime- 
stone was^  as  before  mentioned^  of  ablueish  colour. 
According  to  Mr.  Farey^ ''  under  the  yellow  beds  of 
magnesian  limestone^  there  are  several  beds  of  com- 
pact blue  limestone^  abounding  with  Anomia(Tere-^ 
bratulae)  and  other  shells ;  some  of  these  beds  differ 
entirely  from  the  yellow  and  red  beds^  and  are  more 
useful  for  agricultural  purposes^  particularly  on  the 
yellow  limestone  lands*.'*    The  lower  beds  of  this 
formation  are^  I  believe^  more  fully  developed  in 
many  parts  of  the  continent  than  in  this  country, 
which  occasions  some  uncertainty  in  classing  them. 
The  limestone  of  Thuringia.  it  is  agreed  by  the  most 
respectable  geologists^  is  zetchstein^  corresponding 
wiUi  our  magnesian  limestone ;  the  lower  part  is  a 
slaty  marle^  sometimes  impregnated  with  bitumen, 
and  sometimes  with  sand.     This  bed  contains  im- 
pressions of  fish,  like  the  lower  beds  of  the  slaty 
Sunderland  magnesian  limestone;  it  contains  also  a 
small  quantity  of  copper  pyrites,  and  the  ores  of  lead, 
cobalt,  zinc,  bismuth,  and  arsenic,  and  is  in  some 
places  worked  by  the  miners  for  its  mineral  treasures. 
Above  this  bed  there  occurs  a  blackish  gray  com- 
pact limestone,  very  hard  and  tenacious,  and  di- 
stinctly stratified ;  over  this  is  a  cellular  limestone; 

*  Snnrey  of  Derbyshire,  page  167. 
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and  above  tbis^  a  blackish  browu  limestone^  whicii 
yields  a  fcBtid  smell  when  struck  with  a  haoimer^ 
and  is  in  some  places  more  than  one  hundred  feet  in 
thickness.  All  these  different  beds  Humboldt  com- 
prises under  the  name  of  zelchstein^  and  agrees  with 
pther  geobgists  in  referring  them  to  our  magnesian 
limestone;  the  lowest  bed  rests  on  the. red  sand- 
stone^ and  sometimes  alternates  with  it :  but  accord- 
ing to  some  geologists^  the  connection  betvireen  the 
two  formations  of  red  sandstone  and  zetchsteia  is 
sucb^  that  they  may  be  regarded  as  one  formation. 
Several  of  the  characters^  particularly  the  zoological 
oneSj  appear  rather  more  appropriate  to.  the  lias. 
Some  beds  abound  in  gryphites,  (the  Gryphaeaacu- 
leata^)  and  the  remains  of  small  saurian  animal^  are 
found  in  them.  The  upper  beds  of  zetchstein  in 
Switzerland  alternate  with  beds  of  gypsum^  which 
is  intermixed  with  rock-salt ;  at  least  they  are  gene- 
rally described  as  zetchatein :  some  of  the  beds  are 
argillaceous  limestone^  containing  ammonites  and 
belemnites^  and  appeared  to  me  to  have  a  greater 
resemblance  to  lias  than  to^^m^gnesian  limestone. 

In  the  lower  part  of  the  magno^ian  lime^tgne  in 
the  West  of  England^  there  is  a  cohg^qgie^rate  lime* 
stone^  which  contains  fragments  of  transition  lime* 
stoae^  varying  in  size  from  several  inches  in  dia- 
meter^ to  very  minute  grains. 

The  fossils  in  magnesian  limestone  are  not  nu- 
merous^ at  least  in  the  upper  beds.  Neither  gry* 
phites^  belemnites^  nor  ammonites,  which  occur  in 
the  zetchstein  of  Germany  and  Switzerland,  have 
yet  been  discovered  in  this  formation  in  England. 

Magnesian  limestone  furnishes  the  most  durable 
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building  stone  that  is  any  where  found  in  the  upper 
secondary  strata. 

I  do  not  agree  in  opinion  with  those  who  regard 
the  niagnesian  limestone  districts  as  unfertile ;  and 
perhaps  no  parts  of  England  are  more  salubrious 
than  those  which  have  a  subsoil  of  this  limestone. 

A  few  small  strings  of  lead  ore  have  been  found 
in  the  magnesian  limestone  rocks  near  Sunderland. 
The  limestone  rocks  on  the  coast  of  Durham  are 
wearing  away  by  the  violence  of  the  ocean  ;  they 
have  evidently  extended  much  further  to  the  east 
than  at  present. 

Red  Marie  and  Sandstone. — The  beds  of  this 
formation  have  generally  the  red  colour  which  the 
name  implies^  but  are  often  marked  with  irregular 
veins  and  spots^  of  a  yellowish  or  blueish  colour^ 
and  the  sandstone  is  sometimes  gray^with  occasional 
spots  of  red. 

The  composition  of  different  strata  in  this  forma- 
tion is  extremely  various :  in  some  parts  we  find  ah 
aigiUaceous  marie  in  different  states  of  induration  ; 
in  other  parts  we  meet  with  regular  strata  of  sili- 
ceous sandstone ;  and  sometimes  we  Imve  a  con- 
glomerate sandstone^  or  a  soft  sandstone^  inclosiiig 
rounded  pebbles  of  quartz  and  Lydian  stone^  as  in 
the  rock  on  which  Nottingham  and  the  Castle 
stand.  In  the  lower  part  of  this  formation^  the 
beds  are  porphyritic,  and  contain  imperfect  crystals 
of  felspar;  sometimes  they  pass  into  amygdaloid  and 
trap.  The  fine  siliceous  sandstones^  when  closely 
examined^  are  often  found  to  contain  fragments  of 
the  neighbouring  rocks :  thus  the  sandstone  in  the 
vicinity  of  Charnwood  Forest  contains  fragments 
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of  slate  and  chlorite  slate ;  and  the  conglomerate 
beds  on  the  northern  side  of  that  range  of  hills;  are 
principally  composed  of  fragments  of  gtanilic  and 
slate  rocks.  No  formation  presents  such  a  great 
variety  of  mineral  characters  as  the  red  marie,  an^ 
sandstone,  and  geologists  have  frequently  been 
greatly  perplexed  in  their  attempts  to  arrangie  and 
class  the  beds  which  occur  in  this  fioormatbn^  In 
England  it  has  frequently  been  confounded  with 
the. red  sandstone  and  conglolnerate  that  occur 
under  the  upper. transition  limestone^  called  by  Eur 
glish  geologists  the  old  red  sandstone.  But  the  old 
red  sandstone  of  foreign  geologists,  or  roth-todte 
Ikgei^,  the  gres  ancien  of  Daubuisson,  covers 
the  coal  formation,  and  therefore  corresponds  witk 
the  lowest  beds  of  the  English  red  marie  and  sand<- 
Btone. 

Where  the  red  marie  formation  is  fully  dev^ 
loped,  it  maiy  be  arranged  under  three  divisions : 
tJbte  lower,  which  corresponds  with  the  rotk-todU 
liegende,  consisting  of  fragments  of  different  rocka 
cemented  by  sand  or.miitrle»  and  of  beda  of  imper*- 
&ct  peif^hyry ;  the  middle  beds,  consisting  chiefly 
)i>f  jandstqne^  called  by  the  French  grea  rouge  Bjad 
gru  dfiaVbsge$  ;  and  the  upper,  consisting  of  marie 
alad  tajriqgited  sandstone,  in  which  beds  of  rockr 
sak  and  gypsum  occUr;  this  corresponds  with  the 
grtS;bigaTTS  of  the  French.  In  England  the  three 
divisioiis  of  this  formation  rarely  if  ever  occur 
together  accompanied  with  magnesiaii  limestone ; 
liut  it  should,  appear^  from  the  situation  of  these 
different  beds  on  the  €!ontinent,  that  the  place  of 
the  mfgnesian  limeatone  is  between  the  lower  aiid 
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iht  middte  dividoD:  the  tnagnedian  fimestone  or 
tetehstein  reite  on  the  conglomerate  beds  of  red 
iandstone.  In  the  9rd  Number  of  the  Annales  dea 
.  A^tt€8  1827^  there  is  a  very  full  account  of  the 
different  arenaceous  strata  that  sejiarate  the  coal 
strata  frbm  lias  limestone^  along  the  feet  of  the 
Voisgi^s  ^  mountains  on  the  eastern  side  of  France^ 
by  M.  Xi.  Elie  de  Beaumont. 
'  This  account  throws  considerable  lig^  on  a  part 
df  g€o\ogy,  hitherto  obscured  by  the  conflicting 
opinions  \olf  (brnfer  obsenrers^  and  assimilates  die 
red  sandstone  of  France  and  Germany^  with  the 
different  dhrisions  of  the  same  formation  in  England* 
The  VttSges  motlhtatins  ire  composed  of  gmnite  and 
tranftitiidn  rocks^  and  at  their  feet  there  are  seteral 
coal-fidds:  the  coal  stmta^  and  also  the  loVnsr  de- 
eirrities  of  the  giianite^  are  in  part  covered  nticon*' 
ibttAably  by  nearly  horizontal  strata  of  red  sand- 
stone^ and  this  is  covered  by  lias  limestone.  We 
have  here^  on  a  )arg^  scale^  an  exact  correspon- 
dence with  U»e  geology  of  the  Chamwood  Forest 
district^  where  the  granite  toid  slate  rocks  are 
bordered  by  coal  strata^  and  are  both  partly  covered 
by  hoti^aontai  strata  of  red  marie  and  samlstone^  and 
Ais  again  ra  xroVered  by  lias  limestone.  The  red 
santlstone  of  the  V oi^eis  is  however  more  developed ; 
the  lowest  part  consists  of  conglomerate  and  por*^ 
phyroidal  beds :  these  cover  the  coal  strata ;  they 
agree  in  their  mineral  characters  precisely  with  the 
eon^omerates  in  the  English  red  smidshme^  par- 
trcularly  those  of  Devonshire^  and  are  described  by 
M.  Beaumont  as  being  the  true  roth-todte  Uegekde. 
Above  thife  occars  a  considerable  thickness  of  strata 

a2 
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of  red  sandstoiie^  which  passes  :by  gradfttkni  into  ib^ 
conglomerate  ;  this  is  the  proper  gres  rouge:  it  is 
designated  by  M.  Beaumont  gres  des  Voages ;  it 
approaches  in  its  character  nearer  to  the  gres 
bigarre  than  to  the  lower  beds.  The  variegated 
sandstone^  or  gres  bigarr^,  covers  the  gres  des 
Vosges  ;  but  there  appears  to  have  been  a  consi- 
derable degradation  of  the  sur&ce  of  the  gres  des 
Vosges,  and  also  a  disturbance  of  the  beds  by  sub- 
sidence or  faults,  before  it  was  covered  by  the  gr^ 
bigarri  or  variegated  sandstone :  nevertheless  they 
are  evidently  members  of  the  same  formation.  The 
gres  bigarri  is  covered  by  an  extensive  formation 
of  lias  limestone  in  horizontal  strata.  In  the  sand- 
stone, of  the  Vosges,  we  have  all  the  different  divi- 
sions of  the  English  red  marlq  and  sandstone  brought 
togethei;;  and  from  hence  it  would  appear,  th|it;the 
gres  ancien,  the  roth-todte  liegende,  and  the  gres 
bigarr^,  which  it  has  been  hitherto  difficult  to  aa* 
similate  with  the  English  red  marie  and  sandstqne^ 
are  only  the  lower  and  upper  parts  of  one  formation^ 
though  they  are  sometimes  separated  by  intervening 
beds  of  limestone. 

The  beds  of  red  marie  and  sandstone  of  this  for- 
mation, occupy  a  considerable  part  of  the  midland 
counties  in  England,  extending  from  the  eastern 
side  of  Yorkshire  into  Devonshire,  and  on  the  west, 
vi'ith  some  interruption,  from  Cumberland  to  Glou- 
cestershire. 

The  beds  or.strata  never  attain  any  considerable 
elevation ;  they  cover  or.  inclose  rocks  of  other  for- 
mations :  in  Leicestershire  and  Warwickshire  they 
surround  rocks  of  sienite,  granite,  porphyry  slate^ 
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greenstone^  and  quartz.  The  granite  and  green- 
stone of  the  Malvern  Hills  are  covered  on  the 
touthem  side  by  the  same  red  marie  and  sandstone. 
in  Devonshire^  several  rocks  of  greenstone  and 
amygdaloidai  trap  are  also  surrounded  by  it ;  and 
at  Rouvray  in  France^  on  the  road  to  Dijon^  I  ob- 
served a  low  range  of  sienitic  and.  granitic  rocks, 
rising  from  a  similar  red  marie,  which  like  the  En- 
glish red  marie,  was  covered  by  blue  lias  with  gry- 
phites.  It  was  formerly  maintained  by  Mr.  Farey, 
that  the  sienitic  and  granite  rocks  of  Gharnwood 
Forest  and  Malvern,  were  merely  anomalous  masses 
in  the  red  marie ;  and  though  this  opinion  was 
deemed  extravagant,  and  afterwards  abandoned  by 
Mr.  Farey  himself,  I  am  inclined  to  believe,  that 
there  is  a  greater  connection  between  these  differ- 
ent formations,  than  has  hitherto  been  admitted. 

The  red  marie  and  sandstone  of  England  appear 
io  me  to  have  been  principally  formed  by  the  disin- 
tegration of  rocks  of  trap,  greenstohe,  sienite,  and 
granular  quartz ;  the  iron  in  the  decomposing  trap 
rocks  has  probably  given  to  this  formation  its  red 
colour:  I  conceive  that  the  argillaceous  marles  have 
klso  been  principally  formed  from  the  trap  rocks,  and 
the  siliceous  sandstones  from  the  granular  quartz 
rock.  That  rocks  of  sienite,  trap,  and  quartz,  were 
once  extensively  spread  over  the  districts  now  co- 
vered with  red  marie,  might  I  think  be  sufficiently 
established,  by  tracing  them  through  the  red  marie 
districts,  where  they  just  peep  above  the  surface, 
or  they  might  be  ascertained  by  sinking.  The 
sienitic  rocks  of  Gharnwood  Forest  may  be  distinctly 
traced  into  Warwickshire ;  from  thence   to   the 
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Mftlvern  Hilh  the  connection  may  be  foUowed ;  and 
from  the  Malvern  Hilk  to  the  trap  rocks  in  Glon- 
cestershire^  Somersetshire,  and  Devonshire;  bat 
every  where  acoompanied  by  the  red  .marie,  or  near 
to  it.  The  quartz  rock  at  the  Lickey  near  Broms- 
grove  is  not,  as  has  hitherto  been  believed^  the  only 
rock  of  the  kind  in  the  midland  counties ;  it  may 
be  found  hear  Atherstone  in  Warwickshire^  and  is 
doubtless  associated  with  the  greenstone  rocks  in 
that  neighbourhood,  as  members  of  the  Chamwood 
Fwest  range  of  hills  *. 

I  was  informed  by  T.  Johnston^  Esq.  of  Exeter, 
'that  he  had  frequently  examined  the  red  ground  in 
the  vicinity  of  the  different  trap  rocks  in  Devon- 
shire^ and  that  he  invariably  found  it  composed  of 
fragments  of  these  rocks,  increasing  in  size  as  he 
approached  nearer  to  ihem.  The  sand  rock  on 
which  Nottingham  and  Nottingham  Gastle  are 
built,  has  evidently  been  formed  of  the  ruins  of 
more  ancient  rocks  in  its  vicinity ;  and  the  rounded 
pebbles  of  white  quartz  and  of  Lydian  stone,  would 
indicate  that  they  might  have  come  from  rocks 
formerly  connected  with  the  Chamwood  Forest 
range.  Still  nearer  the  present  hills,  the  finest 
sandstone  contains  fragments  of  slate,  and  the  lower 
conglomerate  is  fJmost  entirely  composed:  of  the 

*  Iq  the  village  of  Hartshill  near  Atherstone,  when  the  au. 
thor  was  at  school  there,  the  quartz  rock  was  employed  in 
mending  the  rofLds  :  it  is  granular  without  cement,  and  breaks 
into  sharp  edged  fragments ;  it  has  a  light  reddish  colour.  When 
a  handful  of  the  fragments  are  taken  from  the  roads,  and  thrown 
upon  the  ground  forcibly  in  the  dark,  they^  produce  numerous 
scintillations  like  stars, — an  experiment  which  has  often  excited 
-the  surprise  of  the  author  and  his  schoolmates. 
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fragtnents^of  those  hills,  as  before  observed.  In  the 
Vosges,  the  red  sandstone  every  where  accompanies 
the  granitic  and  transition  rocks,  of  which  it  also 
'Contains  fragments.  It  roust  be  recollected  that 
the  rocks  which  were  the  most  disposed  to  decom- 
pose or  disintegrate,  would  be  the  soonest  worn 
down.  We  have  no  rocks  of  soft  granite  or  sienite 
in  England,  like  those  of  Auvergne  or  of  the  Forez 
mountains  in  France,  and  the  reason  why  we  have 
not,  may  be,  that  from  their  small  magnitude  they 
•were  probably  carried  away  by  those  mighty  inun- 
•dations,  that  have  swept  over  our  present  islands 
and  continents.  The  Malvern  Hills,  the  Lickey, 
the  Charnwood  Forest  Hills,  and  the  trap  rocks  in 
Gloucestershire,  Somersetshire,  and  Devonshire, 
are  the  remaining  nuclei  of  much  larger  ranges,  as 
the  scattered  fragments  in  the  adjacent,  as  well  as 
in  distant  districtil  attest.  If  the  red  inarle  and 
sandstone  in  England,  and  in  other  countries,  were 
formed  of  decomposing  rocks  of  trap,  granular 
quarts,  porpbyry,  sienite  and  granite,  the  frequent 
occurrence  of  porphyroidal  beds  in  this  formation 
may  admit  of  a  probable  explanation. 

it  is  not  intended  to  maintain  that  every  bed  or 
stratum  in  this  extensive  formation  is  composed 
principally  of  the  fragments  of  transition  and  trap 
rocks ;  but  it  may  safely  be  affirmed,  that  there  are 
few  strata,  in  which  some  of  these  fragments  may 
not  be  discovered. 

The  red  made  produces  some  of  the  most  fertile 
soils  in  England,  which  may  be  partly  owing  to 
its  formation  from  soft  trap  rocks.  Some  basaltic 
rocks  decompose  rapidly,  and  are  known  to  form 
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toil  favourable  to  vegetation ;  several  basaltic  rock& 
in  Staflfordshire  decompose  into  a  reddish  brown 
clay,  moderately  tenacious. 

The  most  valuable  mineral  substances  found  in 
the  red  marie  are  gypsum  and  rock-salt.  The 
gypsum  18  both  fibrous  and  massive ;  the  fibrous 
gypsum  forms  numerous  alternating  seams  in  cliffs 
of  red  marie ;  the  seams  vary  in  thickness  from  one 
to  three  inches^  and  might  be  mistaken  for  strata^ 
but  they  are  irregular  and  of  limited  extent.  In 
Nottinghamshire^  the  fibrous  gypsum  on  the  banks 
of  the  Trent  is  often  beautifully  white  and  transla- 
cent^  and  is  accompanied  with  scales  of  chlorite,  ex* 
actly  similar  to  what  I  have  observed  in  the  beds  of 
gypsum  in  the  Valais  in  Switzerland.  The  white 
fibrous  gypsum  is  employed  by  the  paper-makers  to 
whiten  writing-paper. 

Massive  gypsum  is  granular;  it  occurs  in  irreg^ar 
beds  and  blocks  in  the  red  marie,  and  is  evidently 
a  local  formation.  Anhydrous  gypsum  is  occasion-- 
ally  met  with  in  Nottinghamshire.  Gypsum  is  asso- 
ciated with  rock-salt  wherever  the  latter  mineral 
is  found.  In  the  Alps  it  is  now  discovered,  that  the 
gypsum  when  uncovered  in  its  native  beds  is  always 
anhydrous.  Common  gypsum  contains  81  per 
cent  of  water.  Anhydrous  gypsum  is  entirely  free 
from  water,  and  is  much  harder  and  heavier  than 
common  gypsum.  Should  it  prove  a  general  fact, 
that  the  gypsum  associated  with  rock-salt  is  always 
originally  anhydrous,  it  might  tend  to  elucidate  the 
formation  of  both  minerals ;  a  subject  which  will 
be  referred  to,  afler  describing  some  of  the  prin^^ 
cipal  repositories  of  rock-salt. 
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Many  repositories  of  rock-salt  are  situated  near 
the  feet  of  mountain  ranges^  and  have  probably  been 
originally  deposited  in  salt-water  lakes :  beds  of  rock- 
salt  are  now  found  at  the  bottom  of  some  of  the 
salt  lakes  in  Africa.  But  though  many  salt  forma- 
tions are  in  comparatively  low  situations^  there  are 
others  that  occur  at  great  altitudes^  both  in  the 
Alps  and  the  C!ordilleras.  In  England^  the  prin- 
cipal beds  of  rock-salt  are  situated  at  a  little  distance 
from  the  western  side  of  the  range  of  hills^  which 
separate  the  rivers  that  iow  into  the  eastern  ajfd 
the  western  seas. 

r  The  rock-salt  of  Cheshire  cannot  properly  be 
said  to  lie  in  or  under  the  red  sand  rock  before  de- 
scribed^ but  is  surrounded  by  it^  and  probably  rests 
upon  it ;  but  as  the  lowest  bed  of  salt  has  not  been 
sunk  through,  this  cannot  be  yet  ascertained.  The 
upper  bed  of  rock^-salt  in  that  county  is  about  forty- 
two  yards  below  the  surface :  it  is  twenty-six  yards 
thicks  and  is  separated  from  the  lower  bed  of  salt, 
by  a  stratum  of  argillaceous  stone  ten  yards  thick. 
The  lower  salt  has  been  sunk  into  forty  yards.  The 
upper  bed  was  discovered  about  a  hundred  and 
forty  years  since,  in  searching  for  coal.  Rock-salt 
at  Northwich  extends  in  a  direction  from  N.E.  to 
S.W.  one  mile  and  a  half;  its  further  extent  in  this 
direction  has  not  been  ascertained :  its  breadth  is 
about  fourteen  hundred  yards.  In  another  part  of 
Cheshire  three  beds  of  rock-salt  have  been  found. 
The  \ippermost  is  four  feet,  the  second  twelve  feet, 
and  the  lower  has  been  sunk  into  twenty-five  yards, 
but  is  not  cut  through.  Besides  the  beds  of  rock- 
salt,  numerous  brine  f^prings,  containing  more  than 


^6  pet  cent  of  saH^  rise  in  that  country.  The  trans- 
parent specimens  of  rock-salt  are  nearly  free  from 
foreign  imparities,  and  contain  scarcely  any  water 
of  crystallization. 

In  sea-water  a  large  portion  of  muriate  and  sul- 
phate of  magnesia  is  founds  which  gives  it  that  bit- 
ter nauseous  taste,  distinct  from  its  saltness.  This 
difference  in  the  composition  of  sea-water  and  of 
rock-salt,  might  seem  to  indicate  that  rock-salt  was 
not,  as  some  suppose,  produced  by  the  evaporation 
of  sea-wator ;  but  if  it  were  formed  in  detached 
lakes,  it  is  possible  that  the  waters  of  these  lakes, 
did  not  contain  precisely  the  same  salts  in  solution, 
as  those  of  the  sea.  We  know  that  the  waters  of 
some  of  the  salt  lakes  existing  at  present,  differ  in 
their  contents  firom  sea-water.  If,  however^  the  eva* 
poration  were  very  slow,  the  salt  of  the  ocean  would 
separate  from  all  its  impurities  by  crystallization ; 
these  impurities  being  more  deliquescent,  might  be 
vrashed  away. 

It  may  deserve  notice,  that  few^  if  any,  remains 
of  marine  or  other  oiganised  bodies  are  found  in 
the  beds  accompolnying  the  rock-salt  of  Cheshire. 
In  the  Pcdish  salt-mines,  bivalve  shells  and  the  clawa 
of  crabs  are  met  with  in  the  upper  strata  of  marie : 
and  vegetable  impressions  in  the  bed  covering  the 
lower  salt,  at  the  depth  of  two  hundred  and  twenty- 
five  yards  from  the  sur&ce. 
. '  The  salt  formation  at  Droitwich  in  Worcester-^ 
shire  appear^  to  be  surrounded  by  the  same  kitid  of 
rock,  and  covered  with  similar  beds  of  gypsum  and 
marie,  to  that  of  Cheshire.  Here  the  rock-salt, 
though  its  existence  has  lieen  proved  by  borings  is 
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no  where  woiked.    The  «alt  is  procured  by  evapo- 
rating  the  water^  which  is  nearly  satnnted  with  it. 

Salt  springs  rise  in  some  of  the  coal  strata  adja- 
cent to  the  red  marie  and  sandstone ;  in  all  proba-^ 
bility  the  brine  is  infiltered  from  that  formation^  into 
the  basset  edges  of  the  strata  overly  ing  coal.  There 
are  salt  springs  in  some  of  the  coal-mines  in  Nor- 
thumberhnd;  and  a  spring  of  brine  rises  in  the  river 
Wear^  in  the  county  of  Durham. 

Brine  springs^  containing  from  5  to  6  per  cent 
of  salt^  rise  in  the  coal-mines  near  Ashby-de-la- 
Zouch  in  Leicestershire^  at  the  depth  of  two  hun- 
dred and  twenty-five  yards  under  the  surfietce.  A 
weaker  brine  abo  rises  in  the  upper  strata :  it  springs 
through  fissures  in  the  coal,  attended  with  a  hissing 
noise  occasioned  by  the  emission  of  hydrogen  gas. 

I  examined  these  mines  belonging  to  the  Earl  of 
Moira  in  the  summer  of  18 IS :  they  are  situated  at 
Ashby  Wolds,  in  the  very  centre  of  England* ; 
and  what  may  appear  remarkable  in  this  situation, 
they  are  worked  one  hundred  and  fiirty  yards  be« 
low  the  level  of  the  sea,  which  is  ascertained  from 
the  levels  of  the  canal  that  passes  by  the  pits.  Had 
this  circumstance  been  known  before  the  attentioa 
of  geologists  was  directed  to  the  structure  of  the 
earth's  surface,  it  would  have  been  inferred,  that 
brine  springs  so  fisr  below  the  level  of  the  sea,  had 
their  source  from  the  waters  of  the  ocean,  perco- 
lating through  fissures  in  the  earth. 

There  are  many  salt  springs  in  France,  but  no 

*  Baths  and  hotels  are  dow  erected  there  for  the  accommoda- 
tion of  visiters ;  .they  are  called  the  Moira  Baths,  near  Ashby- 
de-la-Zonch. 
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fluines  of  rock-salt  The  salt  springs  at  Salins  in 
the  department  of  the  Jura^  rise  in  the  red  marie 
formation ;  and  the  gypsum  with  which  they  are  as- 
sociated is  exactly  similar  to  the  massive  gypsum 
in  the  English  red  marie.  The  strongest  of  these 
springs  contains  15  per  cent  of  salt. 
"  In  Switzerland  the  rock-salt  and  gypsum  do  not 
occur  in  the  red  marie,  but  between  calcareous 
beds,  which  are,  I  believe,  analogous  to  the  En- 
gUsh  lias,  and  will  be  again  mentioned. 
^  In  Spain  there  are  several  salt  springs  and  beds 
of  rock-salt ;  the  principal  formation  of  rock-salt  at 
Gardona  in  Catalonia  has  been  described  by  Count 
Alexander  Laborde,  in  his  magnificent  work  en- 
titled Voyages  Pittoresqties  dans  I'Espagne. 

''The  salt  district  of  Cardona  comprehends  the 
hill  on  which  the  town  is  situated,  and  the  environs 
of  more  than  a  league  in  circumference.  The  sur- 
face is  almost  every  where  covered  with  vegetable 
soil  to  the  depth  of  six  inches  or  more,  which  ren-^ 
ders  it  productive.  The  place  where  the  rock-salt 
is  procured  is  a  valley  forming  an  oval,  about  one 
mile  and  a  half  in  length,  and  half  a  mile  in  breadth 
from  east  to  west,  extending  from  the  Castle  of  Car- 
ddnato  the  promontory  of  red  salt  at  the  other 
end.  The  last  is  the  most  considerable  of  the  salt 
rocks,  and  has  not  yet  been  worked  ;  it  is  six  hiin* 
dred  and  sixty-three  feet  in  height,  and  twelve  hun- 
dred and  twenty  feet  in  breadth  at  its  base.  This 
valley  is  also  traversed  by  a  chain  of  hills  of  rock- 
salt  :  besides  these,  there  are  other  rocks  of  salt  at 
the  feet  of  the  fortress,  and  upon  the  declivity  of 
the  mountain  which  stretches  to  the  fountain  called 
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Caticunillo.  The  mountain  of  red  salt  is  so  ealted 
because  that  colour  predominates ;  but  the  cobura 
Yary  with  the  aiUitude  of  the  sun^  and  the  greater 
or  less  quantity  of  rain.  At  the  foot  of  this  moun* 
tain  a  spring  of  water  issues^  which  comes  through 
a  fissure  we  perceive  on  the  summit.  The  riTulet 
runs  all  along  Ihe. valley  from  the  east^  but  passes 
under  ground  in  part  of  its  course^  particularly  un- 
der the  hill  where  the  rock-salt  is  mined  ;  it  rises 
again  to  the  surfieice  at  a  little  distance^  and^  after 
running  along  the  plain^  discharges  itself  into  the 
river  Cardona.  This  brook  in  rainy  seasons  swells 
the  waters  of  the  river^  which  then  become  salt^  and 
destroy  the  fish ;  but  at  three  leagues  lower^  the 
water  has  no  perceptible  taste  of  salt.  All  these  salt* 
mountains  are  intersected  by  crevices  and  chasms; 
and  have  also  spacious  grottoes^  where  are  found 
stalactites  of  salt^  shaped  like  bupches  of  grapes^  and; 
of  various  colours."  ''  Nothing  can  compare  with 
the  magnificence  of  the  spectacle  which  the  moun- 
tain  of 'Cardona  exhibits  at  sunrise.  Besides  the 
beautiful  forms  which  it  presents,  it  appears  to  rise 
above  the  river  like  a  mountain  of  precious  gems, 
displaying  the  various  colours  produced  by  the  re* 
fraction  of  the  solar  rays  through  a  prism/' 

'^  Himgary  and  Poland  afford  the  most  numerous 
and  ei^tensive  repositories  of  rock-salt  in  Europe. 
The  salt-mines  of  Welielska  near  Cracovia  have 
been  long  celebrated  and  frequently  described;  they 
are  worked  at  the  depth  of  750  feet.  The  rock* 
salt  is  covered  by  alternate  beds  of  marie  and  con- 
glomerate ;  blocks  of  salt  occur  also  in  the  marie. 
The  beds  of  rock-salt  are  inclined  at  an  angle  of 
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AO  itogrees.  It  ig  remarkable^  that  in  these  mines  of 
rodc-ndt,  there  are  springs  of  fresh  as  well  as  of 
aalt  water.  At  Paraid  in  Transylvania^  there  is  a 
valley  the  bottom  and  sides  of  which  are  pure  rock-* 
salt«  The  mine  of  Eperies  is  about  990  feet  deep. 
Water  is  sometimes  inclosed  in  the  blocks  of  rock*^ 
BBk/'-^Brangniart,  Mineralogie. 

Ther«  is  an  extensive  formation  of  rack^-sah, 
stretching  on  each  side  of  the  Carpathian  Moan*- 
tatus  for  six  hundred  miles^  from  Welielska  in  Po* 
land  towards  the  norths  to  Rimnie  in  Moldavia  on 
the  south.  It  has  indeed  been  observed  that  rock* 
salt  and  brine-springs  most  generally  occur  near  Uie 
feet  of  extensive  mountain  ranges^  which  adds  pro- 
bability to  the  opinion^  that  these  ranges  were  once 
the  boundaries  of  extensive  salt  lakes. 
'  In  the  lofty  deserts  of  Caratnania  in  Asia^  accord* 
mg  to  Cbar^in^  rdckHsalt  is  so  abundant^  and  the  at« 
mosphere  so  dry^  that  the  inhabitants  use  it  as  stone^ 
for  building  their  houses.  This  mineral  is  also  found 
oin  the  whole  etevated  table-land  of  Great  Tartary^ 
Thib^t^  and  Inddstan.  Ejttensive  plains  in  Persia 
afe  covered  with  a  saline  efflorescence ;  and  accord* 
ing  to  tihe  account  of  travellers^  the  island  of  Ormus^ 
in  the  Persian  Gulf^  i^  one  htge  mass  of  rock-salt. 

In  the  ieteverted  mountains  of  PeiH^  rock-salt  is 
said  to  occur  at  the  height  of  9000  feet  above  the 
level  of  the  seal  In  North  America  there  are 
i^rious  salt-springs  called  Licks^  because  the  herds 
of  wild  cattle  fortoierly  repaired  to  them^  to  lick  the 
86il  impregnated  with  salt.  Near  to  these  places 
the  immense  bones  of  the  great  Mastodon  are  fre- 
quently found  at  a  small  depth  below  the  surface. 


According  fo  the  account  of  HornemaDn^  thera  ib 
a  tnass  of  rock-salt  spread  over  the  mountains  that 
bound  the  desert  of  Libya  to  the  norths  so  vast  that 
no  eye  can  reach  its  tienainationin  one  direction ; 
and  its  breadth  he  computed  to  be  several  miles^ 
Rock-salt  has  also  been  found  in  New  South  Wales. 

It  would  exceed  the  lioiits  intended  for  the  pre- 
sent vdume^  to  enumerate  the  different  places  in 
which  this  valuable  mineral  occurs.  I  only  prdpoM 
to  note  the  more  remarkable .  situations  presenting 
phmnomena  that  may  tend  to  iUustiate  the  mode  of 
its  formation.  Among  these  should  not  be  omitted 
the  salt  lakes  on  the  borders  of  Caffraria^  east  of  the 
Cape  of  Good  Hope^  which  contain  at  their  bottom, 
thick  beds  of  rock-salt  variously  coloured. 

There  is  a  remarkable  formation  of  salt  at  Posa 
near  Burgos,  in  Oastille^  placed  in  an  immense  era* 
ter  of  an  extinct  volcano,  in  which  are  found  pu*- 
tnice^tone  and  pazzolana.  The  volcanic  mountain 
of  Cobgero  neietr  Sciacca,  in  Sicily,  contains  in  its 
beds  a  considerable  intermixture  of  common  salt, 
and  masses  of  rock-salt  occur  in  other  parts  of  the 
island,  imbedded  in  clay*.  In  these  and  in  sohie 
other  instatiGcs,  it  ia  prdbable  that  subterranean  fire 
may  have  been  an  active  agent  in  the  formation  of 
rock-salt,  by  evaporating  the  waters  of  salt  lakes,  ot 
of  countries  recently  emerged  from  the  ocean. 

The  rapid  formation  of  rock-salt  in  Syria,  during 
pne  of  those  igneous  eruptions  which  have  at  times 
overwhelmed  certain  portions  of  the  globe,  is,  per^ 
haps,  obscurely  alluded  to  by  the  sacred  writer  who 
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has  narrated  the  early  history  of  the  human  race. 
Gen.  chap,  xix.*  The  salt  lakes  existing  in  that 
country  are  well  known. 

Whether  all  the  repositories  of  rock*saIt  above 
enumerated  occur  in  the  red  marle^  cannot  in  the 
present  state  of  our  information  be  accurately  ascer- 
tained. The  great  formation  of  rock-salt  and  gyp- 
sum near  Bex  in  Switzerland,  constitutes  two  large 
and  extensive  beds.  The  lowest  rests  upon  black 
limestone^  argillaceous  limestone,  and  sandstone; 
and  between  the  lower  gypsum  and  the  upper,  there 
are  thick  beds  of  argillaceous  limestone,  and  similar 
argillaceous  limestone,  forms  caps  over  the  upper 
gypsum.  The  gypsum  in  the  large  beds  is  anhy- 
drous, and  contains  particles  of  rock-salt  and  com- 
mon gypsum  disseminated  through  it.  The  prevail- 
ing fossils  are  ammonites  and  belemnites. — (Travels 
in  the  Tareptaise,  p.  4  Id.) 

The  mineral  characters  of  the  strata  at  Bex,  and 
the  imbedded  fossils,  incline  me  rather  to  refer  the 
argillaceous  limestone,  over  and  under  the  gypsum 
and  salt  beds,  to  the  English  lias,  than  to  magnesian 
limestone. 

The  saliferous  gypsum  in  the  Tarentaise  is  also 
anhydrous,  and  contains  a  considerable  quantity  of 
silex ;  it  occurs  interstratified  with  limestone,  which 
bears  a  nearer  resemblance  to  the  magnesian  lime- 
stone, than  to  lias.  The  tops  of  some  of  the  moun- 
tains are  covered  with  beds  of  common  gypsum^ 

*  Jerom,  who  resided  in  Syria  in  the  foarth  centiiiy,  infonnt 
nSy  that  the  rock  of  salt  was  existing  in  his  time  $  and  fancifully 
relates  certain  peculiarities  respecting  it,  which  equal  in  absurdity 
the  legends  of  the  darkest  ages  of  pupal  superstition. 
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intermixed  with  native  sulphur.  In  one  of  the  rocks 
associated  with  the  gypsum  formation^  I  discovered 
a  fossil  Patella.  Though  a  branch  of  the  Bcole  des 
Mines,  with  able  instructors  from  Paris,  had  been  for 
some  years  established  at  Moutiers,  close  to  the  salt 
formations,  a  very  erroneous  opinion  respecting  the 
gypsum  of  the  Tarentaise  was  maintained  by  the 
professors ;  namely,  that  the  gypsum  merely  formed 
an  unconformable  covering  over  the  adjacent  moun- 
tains. I  observed  it  m  several  parts  of  the  valley 
of  the  Doron  near  Motitiers,  as  distinctly  interstra- 
tflfied  in  the  calcareous  mountains,  as  the  gypsum 
of  Montmartre  is  interstratified  between  the  tertiary 
formations  near  Paris.  In  one  of  the  beds  of  gyp* 
sum,4here  was  a  thin  stratum  of  carbonaceous 
matter,  which  soiled  the  fingers  like  coal  smut; 
this  is  the  only  instance  of  carbonaceous  matter 
found  in  gypsum,  that  I  am  acquainted  with. 

Transparent  colourless  rock-salt  consists  of  muritt 
of  soda,  nearly  in  the  highest  state  of  purity ;  or^  ac- 
cording to  Sir  H.  Davy^  of  chlorine  and  sodium.  It 
has  so  little  water  of  crystallization,  that  it  scarcely 
decrepitates  when  thrown  on  burning  coals,  in  which 
it  differs  firom  salt  prepared  artificially  by  evapora- 
tion .  Specimens  of  rock-salt  brought  from  the  Polish 
mines,  are  less  disposed  to  deliquesce  than  those 
from  Cheshire.  The  deep  red  colour  very  common 
to  rock-salt  is  derived  from  the  oxide  of  iron.  Clay 
or  marie  commonly  accompany  rock-salt;  it  fre- 
quently lies  imbedded  in  clay  in  detached  masses; 
the  clay  is  often  much  impregnate  with  salt,  which 
is  extracted  from  it  by  solution  in  water.  The  al* 
most  constant  occurrence  of  sulpbat  of  lime  ( gyp- 
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sum )  with  rock-salt^  is  also  a  fact  of  considerable 
interest.  It  is  curious  to  observe  the  two  most 
powerful  acids^  the  sulphuric  and  muriatic^  so 
nearly  associated  in  the  same  place.  This  fact^  in 
a  more  advanced  state  of  science^  may  elucidate 
the  chemical  changes  which  have  effected  the  forma- 
tion of  these  minerals. 

The  most  natural  hypothesis  respecting  the  forma- 
tion of  rock-salt^  at  least  in  some  situations,  is  that 
before  stated^  which  attributes  it  to  the  gradual  eva- 
poration of  lakes  and  pook  of  salt  water,  which 
remained,  when  the  ocean  retired  from  the  present 
fmitinents.  This  mineral  by  slow  evaporation  would 
be  separated  from  the  impure  salts  that  exist  in  sea 
water;  and  as  these  salts  are  more  deliquescent  than 
rock-salt,  they  might  be  washed  away,  before  the 
beds  of  rock-salt  were  covered  with  earthy  strata. 

The  occurrence  of  anhydrous  gypsum  with  rock- 
salt,  which  is  also  anhydrous,  would,  however,  indi- 
cate the  action  of  heat  in  the  formation  of  these  mi- 
nerals ;  for  it  is  scarcely  possible  to  conceive  any 
mode  of  aqueous  deposition  that  could  form  anhy- 
drous gypsum :  but  common  gypsum  might  be  fused 
by  hea^  and  its  water  of  crystallization  expelled ;  it 
would  then  be  converted  into  anhydrous  gypsum. 
From  the  observations  of  M.  Charpentier  at  Bex,  it 
appears  that  the  great  beds  of  gypsum  associated 
with  rock-salt,  are  always  found  to  be  anhydrous 
when  they  are  laid  open  to  the  atmosphere,  but  they 
soon  absorb  water,  and  are  converted  into  common 
gypsum.  The  saliferous  gypsum  in  other  parts 
of  the  Alps,  is  also  anhydrous ;  and  if  it  should 
appear  that  the  beds  of  gypsum  associated  with 


FOOT-MARKS  IN  RED  SANDSTONE.  959 

rock*8att  in  other  countries  are  anhydrous^  where 
th^  have  not  been  exposed  to  the  action  of  mois- 
ture^ it  would  add  much  probability  to  the  opinion^ 
that  the  consolidation  of  rock-salt  and  gypsum  had 
been  effected  by  heat. 

Before  concluding  the  account  of  the  red  marie 
and  sandstone  formation^  it  may  be  proper  to  state^ 
that  foreign  geologists  contend  for  the  existence  of 
a  red  sandstone  over  coal^  which  is  laid  conformably 
with  the  coal  strata^  and  is  a  part  of  that  formation  *. 
If  such  a  red  sandstone^  distinct  from  the  new  red 
sandstone^  exist  any  where  in  England^  it  is  near 
Oldham  and  Rochdale  in  Lancashire.  The  sand- 
stone of  Lancashire  is  coloured  in  Mr.  Greenough's 
Geological  Map  of  England^  as  the  new  red  sand- 
stone^ and  in  Mr.  Smithes  Geological  Map^  as  the 
old  red  sandstone ;  but  I  am  inclined  to  believe>  that 
the  true  position  (gisement)  of  this  sandstone  in 


*  Le  Gres,  masse  priDcipale  de  terrain  honiller,  prende  sonvent 
nne  grande  extension,  en  abandonnant  an  moins  en  majeure 
partie  la  honille  avec  I'argile  sdusteuse  qui  l^^nvelloppe.— 
Daubuiison^  TraUi  de  GeognoBiCy  torn,  2. 

M«  A.  H.  Bonnard,  in  his  Appergu  Geognotique  det  Term 
rain$y  p.  144,  describes  the  red  sandstone  as  the  npper  part  of 
the  coal  formation. 

A.  Humboldt,  in  his  Essai  Geognostique  sur  le  GUement 
dee  Rochet  J  p.  190,  mentions  a  red  sandstone  passing  into  por. 
phjrji  as  the  uppsr  part  of  the  coal  formation  in  Germsnyt 

Messrs.  Daubnisson  and  Bonnard  appear  to  ha?e  mistakea 
the  lowest  part  of  the  red  marie  and  sandstone,  for  a  portion  of 
the  regular  coal  strata.  M.  Humboldt  makes  a  distinction  be. 
tween  the  unconformable  red  sandstone  and  the  porphyritic  red 
BBiidstone,  which  he  cites  as  a  part  of  the  regular  coal  forma- 
tion. 

s  2 
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many  parts  of  Lancashire^  is  not  yet  ascertained  :  its 
relations  with  the  coal  strata  are  different  from  those 
of  the  new  red  sandstone  in  other  parts  of  England. 
— 1  propose  to  revert  to  this  subject  in  a  subsequent 
chapter. 

A  very  remarkable  discovery  has  been  recently 
made^  of  the  foot-marks  of  some  unknown  quadruped 
in  strata  of  new  red  sandstone,  at  the  Corn  Cockle 
M uir,  three  miles  from  Lochmaben  in  Dumfries- 
shire. They  were  found  45  feet  under  the  present 
surface;  the  strata  are  inclined  37  degrees.  This 
circumstance  was  communicated  to  the  author  by 
Mr.  Murray,  jun.  of  Albemarle-street,  who  showed 
him  at  the  same  time  a  plaster  cast,  taken  from  a 
slab  of  stone,  in  which  the  impressions  were  tolerably 
distinct,  and  also  part  of  a  thin  stratum  of  the  stone 
itself,  with  indistinct  impressions  of  a  similar  kind. 
There  can  scarcely  be  a  doubt,  that  they  were  the 
real  foot-marks  of  a  digitated  animal  having  short 
toes  and  claws,  and  the  foot  broad  in  proportion  to 
its  length.  The  breadth  of  the  foot  is  above  one 
inch.  The  part  of  the  sandstone  in  Mr.  Murray's 
possession  appeared  principally  composed  of  granu- 
lar fragments  of  reddish  quartz  rock  and  felspar, 
with  spots  of  chlorite  or  hornblende.  As  remains 
of  reptiles  have  been  found  in  the  zetchstein  or  mag- 
nesian  limestone  on  the  Continent,  which  is  as  an-> 
cient  as  the  new  red  sandstone,  may  not  this  animal 
have  been  a  reptile  allied  to  the  tortoise  ? 
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CHAPTER  XII. 

ON  PART  OF  THE  UPPER  SECONDARY  STRATA 
COMPRISING  LIAS  CLAY  AND  LIMESTONE, 
AND  THE  OOLITIC  SERIES. 

Mineral  Characters  of  Lias  Clay  and  Limestone. — ^Alum  Slate. 
—  Zoological  Characters  of  Lias.  —  The  Muschelkalk  of 
France  and  Germany,  the  lower  part  of  the  Lias  Formation, 
wanting  in  England. — Lias  of  the  Alps. — Oolite  or  Roestone, 
the  Jura  Limestone  of  Foreign  Geologists. — Mineral  and 
Zoological  Characters  of  Oolite  or  Roestone. — The  lower, 
middle,  and  upper  Oolites. — Oxford  or  Clunch  Clay.— 
Stonesfield  Slate,  with  Organic  Remains  of  Insects,  Birds, 
and  Land  Qaadrupeds. —  Extent  of  the  Oolite  Formation  in 
England ;  its  sudden  termination  :  Observations  respecting 
it. — Foreign  Oolites. 

The  great  bed  of  dark  btueish  clay,  accompany- 
ing numerous  thin  strata  of  dark  argillaceous  lime- 
stone^ called  lias,  is  the  best  characterized  of  all 
the  upper  secondary  formations  in  England,  except 
chalk;  and  it  preserves  the  same  appearance  through- 
out a  considerable  part  of  France ;  and  may  also  be 
traced,  but  with  some  diversity  of  character,  into 
Switzerland  and  Germany. 

The  name  Lias  appears  to  have  been  given  to  it 
by  a  provincial  pronunciation  of  the  word  layers; 
as  the  lias  limestcjpe  strata  are  generally  very  regular 
and  flat,  and  rise  in  thin  slabs  or  layers  when  got 
from  the  quarry.     Where  the  lias  beds  are  pretty 
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fiiUy  developed^  they  form  a  mass  of  stratified  lime- 
stone and  clay,  scTeral  hundred  feet  in  thickness^ 
which  rest  upon  the  red  marie  described  in  the  pre- 
ceding chapter. 

The  regularly  stratified  lias  limestone  occupies 
the  lower  part  of  the  bed,  and  the  lias  clay  the  upper. 
The  lower  beds  of  the  limestone  have  often  a  yel- 
lowish white  colour,  and  are  called  white  lias.  The 
blue  lias  limestone  has  generally  a  dark  smoke-gray 
colour,  a  dull  earthy  texture,  and  an  imperfectly 
conchoidal  fracture  :  the  purest  beds  contain  from 
80  to  90  per  cent  of  carbonate  of  lime^  combined 
with  bitumen,  alumine,  and  iron.  If  iron  enter 
largely  into  the  composition  of  this  limestone,  it 
forms  a  lime,  when  burned,  which  has  the  property 
of  setting  under  water. 

The  finer  kinds  of  white  lias  will  receive  a  polish, 
and  may  be  used  for  lithographic  drawings. 

The  lias  clay  frequently  occurs  in  the  form  of 
soft  slate  or  shale,  which  divides  into  very  thin  la- 
mine.  This  shale  is  often  much  impregnated  with 
bitumen  and  with  iron  pyrites,  and  will  continue 
to  burn  slowly  when  laid  in  heaps  with  feggots,  and 
once  ignited :  during  this  slow  combustion,  the  sul- 
phur in  the  iron  pyrites  is  decomposed,  and  com^ 
bines,  with  the  oxygen  of  the  atmosphere  and  with 
a  portion  of  the  alumine  in  the  shale,  and  forms 
sulphate  of  alumine  or  alum.  The  alum  shale  of 
Whitby  in  Yorkshire  is  of  this  kind ;  it  has  rather 
a  soapy  feel,  and  a  slight  silky  lustre.  When  the 
lias  clay  or  alum  shale  £edls  in  large  masses  from  the 
cliffs  upon  the  sea  shore,  and  gets  moistened  by 
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sea  water,  it  i^ites  spontaneously,  and  continues 
burning  a  considerable  time.  The  cliffs  of  lias  clay 
near  Lyme  in  Dorsetshire,  took  fire  after  heavy 
rains,  and  continued  burning  for  several  months, 
about  the  middle  of  the  last  century ;  and  at  the 
present  time  the  cliffs  near  Weymouth  are  ignited 
by  a  similar  cause.  The  composition  of  the  clay  in 
those  cliffs  is  nearly  the  same  as  in  the  lias  chy ; 
but  it  is  an  upper  formation^  called  Oxford  or  clunch 
clay. 

Lias  clay  is  impregnated  with  a  considerable  por- 
t  ion  of  muriate  of  soda,  and  sulphate  of  magnesia, 
sind  soda.  The  mineral  springs  of  Cheltenham  and 
Gloucester  ri^e  in  this  clay ;  but  the  mineral  quali- 
ties decrease  after  the  springs  have  been  opened 
some  time,  which  proves  that  the  saline  matter  is 
derived  from  parts  of  the  bed  adjacent  to  the  springs, 
and  is  therefore  soon  exhausted. 

The  beds  of  lias  clay  and  limestone  are  par- 
ticularly distinguished  by  the  number  and  variety  of 
the  organic  remains  which  they  contain.  Twenty 
different  kinds  of  ammonites  have  been  discovered 
in  lias,  and  also  various  other  species  of  cham- 
bered shells,  nautilites,  and  belemnites.  Univalve 
shells  are  not  numerous  in  this  formation,  but  a 
great  variety  of  bivalve  shells  occur  in  it.  The 
gryphite  (Chyphea  arcuata)  abounds  so  much  in 
some  of  the  beds  of  lias,  that  in  France  it  has  re- 
ceived the  name  of  Calcaire  h  gryphites.  Penta- 
crinites  also  abound  in  the  upper  part  of  the  lias^ 
and  in  conjunction  with  gryphites  and  the  am- 
monites that  have  a  ridge  between  two  furrows. 
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cliffs  above^  it  will  make  a  total  thickness  of  lias 
exceeding  two  hundred  and  twenty  yards:  the  upper 
parts  are  more  productiTe  of  alum  than  the  lower. 
In  Dorsetshire  the  whole  thickness  of  the  lias  forma- 
tion  may  be  seen  in  succession;  a  few  miles  west  of 
Bridport^  the  uppermost  bed  rises  above  the  level  of 
the  sea  :  three  miles  west  of  Lyme  it  terminates^ 
and  the  white  lias  (the  lowest  part  of  this  formation) 
may  be  observed  at  low  water  resting  on  red  marie. 
From  the  observations  of  M .  Elie  de  Beaumont 
on  the  lias  near  theVosges  mountains^  it  appears  that 
in  the  lias  of  France  there  are  certain  lower  strata 
nearly  filled  with  shells^  and  which  contain  that  beau- 
tiful fossil  the  Lily  Encrinite.  These  strata  are  want- 
ing in  every  part  of  the  English  lias  that  has  yet  been 
examined :  it  is  to  this  part  of  the  lias  that  the  name 
muschelkalk  has  been  given  by  the  Germans^  and  it 
has  frequently  been  described  as  a  different  forma- 
tion from  lias ;  but  M.  Beaumont  says  that  the  strata 
above  the  muschelkalk  are  the  cakaire  a  gryphites, 
and  that  the  lower  and  the  upper  strata  are  un- 
doubtedly parts  of  the  same  formation^  lying  be- 
tween the  red  marle^  grea  bigarri,  and  the  oolites ; 
and  he  describes  this  to  be  the  case  with  the  mus- 
chelkalk in  Germany^  the  lower  beds  of  which  also 
contain  the  lily  encrinite.  We  have  here  a  key 
to  certain  parts  of  foreign  geology^  which  have 
hitherto  been  somewhat  obscure  :  the  muschelkalk 
and  the  lias  are  not^  as  has  been  often  stated^  dif- 
ferent formations^  but  are  only  different  parts  of  the 
same  bed ;  for  the  description  of  M .  Beaumont  is 
so  precise^  as  to  leave  no  doubt  respecting  the  iden- 
tity of  the  English  lias  and  the  French  calcaire  i 
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gryphites,  and  that  the  latter  and  the  muscbelkalk 
are  only  upper  and  lower  strata  of  lias.  In  En- 
g^land  lias  limestone  occurs  almost  always  in  nearly 
horizontal  strata^  and  never  attains  any  great  eleva- 
tion. On  the  west  of  Gloucester^  at  Highnam  Park^ 
lias  limestone  forms  a  nearly  flat  pavement^  on  the 
summit  of  a  hill  about  two  hundred  and  fifty  feet 
above  the  level  of  the  Vale  of  Severn :  from  this 
point  to  the  north*west  there  is  no  bed  of  lias  known 
in  England  or  Wales ;  but  it  is  found  in  the  north- 
west part  of  Ireland^  and  in  some  of  the  Hebrides. 
At  Barrow-on-Soar  in  Leicestershire^  lias  rises 
considerably  above  the  level  of  the  river ;  it  is  in  the 
flattened  bsills  that  occur  in  the  Barrow  limestone^ 
that  the  finest  specimens  of  fossil  fish  are  found. 
The  lias  clay^  from  its  comparative  softness  has  fre- 
quently been  excavated  into  valleys^ — some  of  the 
mountain  valleys  in  the  Alps  are  cut  in  lias  clay. 
The  lias  limestone  of  the  Alps  and  the  Jura^  loses 
its  flat  and  parallel  stratification^  and  is  bent  and 
contorted  in  various  directions ;  it  also  frequently 
loses  its  earthy  texture,  and  is  hard  and  semicrystal- 
line^  like  transition  limestone. 

The  Rev.  R.  Halifax,  of  Standish,  near  Glouces- 
ter, obligingly  showed  me  part  of  the  lias  and  oolite 
beds  in  the  vicinity  of  Cheltenham,  which  he  had 
particularly  studied.  Between  the  upper  lias  clay  and 
the  oolite,  th^e  is  a  thick  bed  of  reddish  earth  with 
ferruginous  nodules  inclosing  portions  of  lias ;  this 
earth  may  be  seen  cropping  out  at  the  foot  of  Leck- 
hampton  Hill.  No  well  marked  natural  division 
exists,  which  can  determine  whether  this  bed  should 
be  classed  with  lias,  or  the  oolites.     The  fossils  in 
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lias  clay  and  limestone  are  nearly  black,  and  are 
sometimes  incrusted  with  pyrites. 

The  most  valuable  mineral  substances  obtain- 
ed from  lias  in  England^  are  water-setting  lime 
and  alum  shale.  The  property  of  setting  under 
water  may  be  communicated  to  any  kind  of  lime, 
by  an  admixture  with  burned  and  pulverized  iron- 
stone. Many  of  the  bituminous  and  pyritical  shales 
in  the  coal  strata  would  yield  alum  by  slow  com- 
bustion, if  they  could  be  obtained  with  facility. 
When  alum  shale  is  burned,  and  the  soluble  part 

is  extracted  by  water,  it  is  necessary  to  add  potass 
before  the  process  of  evaporation,  as  crystallized 
alum  is  a  triple  salt,  composed  of  sulphate  of  alu- 
mine  and  potass. 

Oolite. — ^Thenumerousbedsof  yellowish  limestone 
alternating  with  beds  of  clay,  marie,  sand,  and  sand- 
stone, that  compose  the  oolite  formation  in  En- 
gland, are  of  variable  thickness;  but  their  aggregate 
average  depth,  from  the  top  of  the  upperooljte  to 
the  lias,  may  be  estimated  at  1000  feet.  These  beds 
may  be  traced  with  little  interruption  along  a  waving 
line  from  the  Cleveland  Hills  in  Yorkshire,  into 
Dorsetshire.  In  Gloucestershire  they  compose  a 
lofty  range  of  hills  on  the  south  side  of  the  Vale  of 
Severn,  called  the  Cotteswold  Hills;  but  no  strata  of 
this  formation  are  found  in  any  part  of  England  or 
Wales,  north-west  of  the  river  Severn.  In  many 
parts  of  France,  the  oolite  strata  accompanied  with 
lias,  present  all  the  characters  of  the  same  forma- 
tions in  England ;  but  in  the  Jura  mountains,  where 
they  are  fully  developed,  the  mineral  characters  often 
differ  considerably ;  and  it  is  only  from  the  geologi- 
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cal  position  and  the  imbedded  fossils^  that  they  can 
be  identified  with  the  English  series. 

Oolite  or  Roestone  receives  its  name  from  the 
small  globules  like  the  roe  of  a  fish^  that  are  im- 
bedded in  many  of  the  strata :  in  some  instances 
these  globules  attain  the  size  of  a  pea^  and  this  va^ 
riety  has  obtained  the  name  ot  Pisiform  oolite.  In 
England^  nearly  all  the  beds  of  limestone  that  are 
oolitic^  in  this  formation^  have  a  yellowish  brown  or 
ochrey  colour,  by  which  they  may  at  first  sight  be 
distinguished  from  lias.  The  .limestone  in  which 
the  globules  are  imbedded  has  generally  an  earthy 
texture,  and  is  dull  and  incapable. of  receivinga 
polish  :  some  varieties  of  oolite  have  been  much 
used  for  architecture.  St.  Paul's,  Somerset  House^ 
and  many  of  the  public  buildings  in  London,  are 
constructed  of  this  stone ;  but  it  is  not  durable.  The 
occurrence  of  small  oviform  globules  in  limestone 
is  not  exclusively  confined  to  the  oolite  formation; 
in  the  magnesian  limestone,  and  even  in  transition 
limestone,  a  tendency  to  an  oolitic  structure  may 
sometimes  be  observed.  It  is  not  yet  ascertained 
whether  these  globules  are  the  result  of  a  tendency 
to  crystalline  arrangement,  or  whether  they  are  of 
animal  origin.     . 

The  organic  remains  that  occur  in>the  different 
beds  of  oolite  are  so  numerous  and  various,  that  it 
would  require  an  ample  volume  to  describe  them 
fully.  It  will  however  be  necessary  to  notice  those 
fossil  genera  that  differ  remarkably  from  the  genera 
whose  remains  are  found  in  the  lower  strata,  and 
indicate  a  considerable  change  in  the  condition  of 
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tlM  gloht,  or  at  least  in  those  parts  of  it  where  the 
strata  were  deposited. 

It  has  beea  already  observed^  that  the  univalve 
shells  in  the  lower  strata  were  chiefly  different  spe- 
cies of  Nautilites^  Ammonites^  and  Belemnites^ 
which  are  chambered^  and  that  univalve  uncham- 
bered  shdis  were  larely  found  among  them.     By 
fiu*  the  greater  number  of  genera  that  have  left 
their  remains  in  these  strata  belong  to  the  acepha- 
hNia  moluscse^  or  such  as  had  neither  heads  nor 
eye%  and  inhabited  bivalve  sheik.     Even  in  the 
ItaSy   only  four  genera  of  unehambered  univalve 
shells  have  been  found*,  and  the  individual  shells 
of  each  genus  are  very  nure ;  but  in  the  oolite^  the 
genera  and  species  of  univalve  unchambered  shells 
are  more  numerous^  and  the  individual  shells  of 
several  species  abound  in  some  of  the  strata.  Now^ 
as  these  animals  had  heads  and  eyes^  and  moved  on 
their  bellies  like  the  land-snail^  we  may  infer  that 
they  did  not  live  in  deep  seas^  where  the  sense  of 
vision  could  not  be  available ;  they  lived  and  moved 
in  comparatively  shallow  water  near  the  shore. 

The  vertebrated  animals^  whose  remains  are 
found  in  oolite^  are  some  of  them  of  the  same  genera 
as  those  discovered  in  lias ;  but  others  belong  to  the 
crocodile  genus^  and  had  feet,  like  the  living  spe- 
cies of  crocodiles,  and  were  probably  amphibious : 
hence  we  may  infer,  that  there  was  dry  land  and 
rivers  in  the  vicinity. 

It  may  well  excite  surprise,  that  calcareous  strata 

*  The  Helicinay  3  species ;  the  Trochus,  3  species;  the  Tor* 
natella,  and  the  Melaaia. 
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should  80  rardy  be  found  which  preMut  diftinct 
indications  of  having  been  formed  exclusively  by 
coralline  polypi^  particularly  as  coral  rocks  and 
reefs  of  great  extent  are  so  rapidly  forming  in  our 
present  seas.  There  are  however^  among  the  strata 
of  oolite^  some  which  are  almost  entirely  composed 
of  madreporites^  and  have  received  the  name  of 
coral  ragg.  There  are  other  strata  which  abound  in 
the  remains  of  fossil  sponges  and  alcyonia^  and  with 
congeries  of  minute  miUepores  and  madrepoi^es. 
Nearly  twenty  species  of  trochiform  or  top-shaped 
spiral  shells^  and  several  species  of  echinites>  are 
found  in  the  oolite  strata;  but  in  the  lias  below^  only 
a  few  species  occur^  and  the  individual  shells  are 
scarce.  The  Gryphea  arcuata,  so  common  in  the 
lias^  is  rarely  if  ever  found  in  the  oolite  strata ;  but 
another  species^  with  an  expanded  shield  called  the 
dryphea  dilata,  is  a  fossil  frequently  found  in  dif- 
ferent beds  of  the  oolite  formation.  The  shells  and 
bones  in  the  oolite  limestone  have  the  yellowish 
ochrey  colour  of  the  stone  in  which  they  are  im- 
bedded^  which  may  serve  at  once  to  distinguish 
them  from  the  lias  fossils^  that  invariably  partake  of 
the  dark  colour  of  the  beds  in  which  they  occur. 
EngUsh  geologists  make  three  divisions  of  the  oolite 
formation^ — the  upper,  the  middle,  and  the  lower: 
they  are  separated  by  thick  beds  of  clay^  and  some 
variety  may  be  observed  in  the  fossils  of  each  di- 
vision^ but  the  general  characters  are  nearly  the 
same ;  and  in  an  elementary  treatise,  a  too  minute 
description  Would  only  perplex  the  student,  parti- 
cularly as  some  of  the  beds  appear  to  be  of  limited 
extent. 
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The  hnter  dwisum  of  Mlite  compHses ;  fitit,  an 
imperfect  dark  brown  limedtone^  much  intermixed 
with  sand  and  the  oxide  of  iron  ;  Sndly^  beds  of  ste- 
rile clay  and  fullers-earth ;  and^  Srdly/  tiie  great 
oolite,  which  is  of  considerable  thickness^  and  yields 
freestone  for  architecture :  it  is  composed  of  minute 
globules  and  broken  shells^  united  by  a  yellowish 
earthy  calcareous  cement.  With  the  low-er  division 
of  oolites  may  also  be  classed,  4thly,  the  Stonesfield 
slate,  which  is  a  sandy  calcareous  stone,  ilividing 
into  thin  strata,  accompanied  with  shale  and  carbo-> 
naceous  matter.  5thly,  forest  marble :  the  beds  are 
not  numerous,  and  are  chiefly  composed  of  large  irag- 
raentsof  shelb;  smallentire  turbinated  shells  abound 
in  some  of  the  strata.  It  deserves  attention,  that  the 
univalve  shells  are  roost  frequent  in  the  thin  beds, 
and  the'  bivalves  in  the  thicker  beds,  of  this  stone. 
6thly,  combrash.  This  is  the  upper  part  of  the  lower 
division  of  oolites-;  it  does  not  compose  beds  of  any 
considerable  thickness,  nor  does  it  frequently  occur 
in  regular  strata  of  any  great  extent,  but  generally 
in  detached  masses,  cemented  by  clay :  the  external 
part  of  the  stone  is  brown,  but  the  inner  part  has 
often  a  gray  or  blueish  colour.  To  Mr.  Wm.  Smith 
we  are  principally  indebted  for  the  first  accurate 
account  of  the  different  beds  of  the  oolite  formation : 
he  observed  that  though  the  total  thickness  of  the 
combrash  beds  is  but  small,  there  is  a  considerable 
difference  between  the  fossils  in  the  upper  beds 
and  those  in  the  lower  ones. 

Between  the  lower  and  the  middle  division  of 
oolites,  there  are  beds  of  dark  blue  clay  called  Ox* 
ford  or  Clunchclay;  the  thickness  has  been  esti- 
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mated  at  two  hundred  feet.  Some  of  the  beds  are 
bituminous^  and  bear  a  near  resemblance  to  lias  clay ; 
they  abound  in  Septaria  :  other  beds  are  much  in- 
termixed with  calcareous  earth.  In  the  lower  part 
of  the  Oxford  clay>  irregular  beds  of  limestone  occur^ 
which  have  received  the  name  of  Kelloway  rock,  from 
being  found  near  Kelloway  bridge^  in  Wiltshire. 
The  bones  of  one  species  of  ichthyosaurus^  different 
from  those  in  the  lias,  have  been  found  in  the  Ox- 
ford clay. 

The  MIDDLE  oiifisiov of  ooUte  consists,  Ist,  of  beds 
af  siliceous  and  calcareous  sand :  Sndly,  the  coral 
ragg,  composedof  loose  earthy  limestone,  sometimes 
entirely  formed  of  several  species  of  branching  ma- 
drepores ;  and  Srdly,  the  upper  oolite :  this  agrees 
in  many  of  its  characters  with  the  great  oolite,  but  is 
more  perishable ;  in  some  of  the  beds,  the  oolitic 
character  is  scarcdy  discernible,  in  other  beds  the 
globules  are  as  large  as  peas ;  it  has  hence  received 
the  name  of  Pisolite.  The  total  thickness  of  all  the 
beds  ia  this  division  has  been  estimated  at  two  hun- 
dred  feet. 

Between  the  Middle  and  the  Upper  division  of 
oolites,  there  occurs  another  thick  bed  of  clay,  which 
has  received  the  name  of  Kimmeridge  clay.  It  is  a 
grayish  clay  passing  into  the  state  of  shale,  and  is 
sometimes  so  bituminous  as  to  be  used  for  fuel ;  its 
thickness  in  some  parts  is  more  tlian  one  hundred 
feet.  Bones  of  saurian  or  lizard-shaped  animals 
have  been  found  in  this  clay,  and  also  bones  of  ani- 
mals of  a  higher  order  allied  to  the  whale  or  seal. 

The  UPPER  DIVISION  o^^Zite  Gompriseslhe  beds 
of  Portland  stoney  whieh  have  been  well  described 
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as  a  calcareo-siliceous  freestone^  with  beds  and  no* 
dules  of  flint  In  the  Isle  of  Portland,  where  the 
middle  bed  of  the  Portland  stone  is  quarried  for 
architectural  purposes^  it  is  covered  by  a  cream* 
coloured  stone  called  ciop/ which  is  only  burned  for 
Uoie :  under  this^  there  are  two  beds  of  workable 
•tone^  each  five  feet  thick,  separated  by  gray  flint, 
and  a  third  bed  of  the  best  stoYie  below.  The  total 
thickness  of  the  three  beds  of  buildingnstone  varies 
from  17  to  94  feet.  The  Purbeck  beds  are  by  some 
geologists  classed  with  the  oolites ;  but  they  may 
more  properly  be  regarded  as  a  distinct  formationj 
belonging  to  the  iron-sand^  as  the  fossils  contained 
in  these  beds  diff*er  much  from  those  in  the  oolite> 
and  are  supposed  to  be  freshwater  shells. 

The  calcareous  sandy  slate  of  Stonesfield^  near 
Woodstock  in  Oxfordshire,  is  believed  to  form  *  a 
member  of  the  lower  oolitic  series ;  but  its  organic 
remains  are  so  different  from  those  in  any  known 
beds  of  ooUte,  that  until  it  can  be  seen  actually 
covered  by  some  undisputed  member  of  the  oolite 
series,  a  doubt  must  be  entertained  whether  it  may 
not  be  a  portion  of  a  more  recent  formation  out  of 
its  place,  as  we  find  chalk  occasionally  beyond  the 
limits  general^  assigned  to  it* 

The  Stonesfield  slate  consnts  of  two  beds  of 
yellowish  or  grayish  oolitic  limestone,  each  about 
two  feet  thick,  and  separated  by  a  bed  of  loose 
calcareous  sandstone  about  the  same  thickness. 
The  Stonesfidid  slate  on  exposure  to  frost  divides 
into  thin  plates,  which  are  used  for  roofing.  The 
atone  is  obtained  by  working  horizontal  galleries  in 
the  hili^  which  galleries  communicate  with  deep  per«* 
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pendicular  shafts.  It  is  to  be  resetted  that  no  ac^ 
count  has  been  yet  published  of  the  different  strata 
of  stone  sunk  through  by  these  shafts^  as  we  might 
hence  derive  decisive  evidence^  respecting  the  true 
geological  position  of  the  Stonesfield  slate.  * 

The  fossil  remains  iii  the  Stonesfield  slate^  con^ 
sist  of  the  impressions  of  the  outer  cases  or  elytra  of 
winged  insects^  and  the  bones  of  animals  of  the 
opossum  or  didelphis  genus^  and  also  the  bones  of 
the  tnegalosaurus  or  gigantic  lizard^  supposed  to  be 
analogous  to  the  Monitor.  From  the  size  of  these 
bones^  it  is  estimated  that  the  animal  to  which  they 
belonged^  was  forty  feet  in  length  and  twdve  feet 
big^h.  Legs  and  thigh  bones  of  birds  are  also  found 
in  the  Stonesfield  slate^  with  the  teeth^  palates^  and 
vertebrae  of  fishes,  and  two  or  three  varieties  of  crabs 
and  lobsters.  Several  varieties  of  marine  shells  and 
of  plants  occur  in  the  ^ame  beds.  The  most  ret 
markable  circumstance  attending  these  fossil  re* 
mains^  is,  that  they  should  occur  in  strata  which 
are  generally  believed  to  have  been  deposited  be- 
fore the  creation  of  terrestrial  mammalia.  If  how^ 
ever^  there  were  islands^  inhabited  by  the  higher 
class  of  animals^  when  the  oolite  beds  were  form*' 
ing,  their  bones  may  have  been  carried  down  by 
rivers  into  the  sea^  and  deposited  with  those  of  ma* 
rine  animals.  But  though  this  hypothesis  might 
satisfactorily  explain  the  occurrence  of  these  re*- 
mains  in  the  Stonesfield  slate,  it  would  still  be  not 
less  extraordinary,  that  similar  remains  should  have 
been  no  where  found  in  any  of  the  upper  secondary 
strata  in  England^  nor  in  other  countries ;  and. that 
they  are  never  met  with^  except  in  strata  consi^ 

T  2 


876  OOLITE  OF  THE 

derably  above  the  chalk  formation.  The  occur-* 
rence  of  wood,  and  beds  of  lignite  (or  wood  coal) 
in  oolite^  confirms  the  opinion  that  dry  land  existed 
somewhere  in  the  vicinity  at  the  period  when  the 
oolitic  beds  were  formed  or  deposited ;  but  no  indi- 
cation that  the  land  was  inhabited  by  terrestrial 
quadrupeds  has  been  hitherto  discovered,  except 
in  the  slate  of  Stonesfield.  In  the  strata  above  the 
oolite,  particularly  in  the  iron-sand  of  Cuckfield,  the 
bones  of  the  megalosaurus  and  crocodile,  and  those 
of  turtles,  birds,  and  fish,  present  a  similarity  to  the 
fossik  of  Stonesfield ;  but  the  bones  of  terrestrial 
quadrupeds  are  wanting,  and  many  of  the  shells  are 
fluviatile.  But  where  was  the  island  on  which  the 
animals  lived  and  flourished,  that  have  left  their 
bones  in  the  strata  of  Stonesfield  ?  This  question 
will  be  considered  in  the  brief  chapter  I  propose  to 
give  of  the  Geology  of  England. 

Observations. 

The  oolites  on  the  continent  are  frequently  accompanied  with 
beds  of  lignite :  in  England,  lignite  is  not  found  in  oolite,  but  in 
the  thick  beds  of  clay  which  separate  the  apper  and  the  middle 
difisions  of  this  formation.  In  reiaming  from  the  county  of 
Durham  in  1820,  I  took  a  hasty  morning  survey  of  the  oolite 
of  the  Cleveland  Hills  in  Yorkshire,  in  the  immediate  vicinity  of 
Thirk.  I  had  not  time  to  visit  the  coal  mines ;  but  from  the 
ipecimens  of  coal  I  saw  lying  by  the  road  side,  I  should  con- 
Met  It  as  a  lignite,  and  not  a  trtte  mineral  coal :  it  is  chiefly 
employed  in  burning  lime,  and  is  not  used  for  domestic  purposes, 
except  by  the  poor*  The  oolite  of  the  Cleveland  Hills  inclines 
to  a  light  smoke  gray  colour ;  it  is  distinctly  oolitic ;  the  stone 
is  more  compact  and  hard  than  the  oolites  of  Oxfordshire  or 
Gloucestershire,  and  bears  a  near  resemblance  to  some  of  the 
lim  stone  beds  on  the  Jura,  which  I  saw  the  same  snmmer.   The 
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CleveUtnd  oolite  appears  to  rest  immediately  on  a  sandy  red 
earth,  like  that  o?er  the  lias  near  Cheltenham,  and  according  to 
the  account  of  the  qaarrymen,  the  bed  below  is  a  dark  soft  shale, 
which  they  considered  to  be  the  same  as  the  alam  shale  (lias) 
on  the  north  side  of  the  same  range  of  hills.  Some  geologists, 
and  particularly  M.  Hamboldt,  describe  a  formation  of  sand- 
stone called  quader  sandfieirij  as  being  directly  interposed 
between  the  lias  and  the  oolites.  Many  English  geologists  re- 
gard this  sandstone  as  identical  with  the  iron-sand  or  Hastings- 
sand.  According  to  Humboldt^  quader  sandstein  has  a  whitish, 
yellowish  or  grayish  colour;  the  grains  are  fine,  and  are  united 
by  an  almost  inYisible  argillaceous  or  siliceous  cement :  it  con- 
tains but  little  mica,  which  is  always  of  a  silyery  colour,  and  oc. 
curs  in  detached  scales. — Enai  sur  le  Critemeni  de$  RocheSj 
p.  268.  The  quader  sandstein  placed  between  lias  and  oolite, 
corresponds  in  geological  position  with  the  sandy  beds,  that  se. 
parate  these  formations  in  Gloucestershire ;  but  the  quader 
sandstein  described  by  other  geologists  as  containing  numerous 
Yegetabte  fosril  remains,  may  with  much  probability  be  referred 
to  the  iron-sand  over  the  oolite,  which  will  be  described  in  the 
following  chapter. 
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CHAPTER  XIII. 

ON  CHALK,  AND  THE  SUBJACENT  STRATA  CON- 
TAINING REMAINS  OF  LAND  PLANTS  AND 
FRESHWATER  ANIMALS. 

Remarkable  Zoological  Characters  of  the  Strata  betweeo  the 
Upper  Oolites  and  Green-sand. — ^Purbeck  beds^ — Iron- 
8and.«-Tropical  Plants  and  gigantic  Animal  Remains  diacOi* 
Tered  in  itt— Supposed  appearance  of  the  country  at  the  pe- 
riod when  these  animals  flourished. — Green-sand.— -Chalk- 
marie,— Lower  Chalk.— Chalk  with  FUnts.— Thickness  and 
extent  of  Chalk  in  various  countries*— Inferences  from  the 
condition  of  the  Fossils  found  in  Chalk. — Observations  on 
the  State  of  the  Upper  Secondary  Strata  previous  to  the  de- 
poaitiQa  of  the  Tertiary  Strata. 

IN  an  elementary  treatise  on  Geology^  it  is  desire- 
able  to  present  to  the  vieve  of  the  reader^  not  the 
geology  of  a  single  country^  but  that  of  the  whole 
globe^  as  &r  as  it  has  been  ascertained.  In  certain 
countries^  particular  formations  occupy  a  consider- 
able extent^  and  are  of  great  thickness ;  in  other 
countries^  similar  formations  are  often  wanting  al- 
together^ or  the  beds  are  so  thin  as  scarcely  to  excite 
notice.  The  upper  secondary  strata  cover  more 
than  one  half  of  England^  and  hence  the  English 
geologist  might  be  suspected  of  bestowing  upon 
them  too  great  a  portion  of  his  attention ;  but  a 
more  accurate  examination  of  other  countries^  has 
fully  proved^  that  many  of  the  British  strata  which 
were  formerly  believed  to  be  of  very  limited  extent^ 
are  spread  over  a  great  part  of  Europe^  and  preserve 
the  same  order  of  succession  as  in  our  own  island : 
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description  of  these  strata  is  therefore  an  es* 
sential  part  of  general  gedogy.  The  formations  of 
the  magnesian  limestone^  the  red  raarle^  the  Has, 
the  oolites,  and  the  chalk,  have  risen  into  geolo* 
gksl  importance  within  the  last  twehre  years ;  and 
the  reproach  cast  upon  South  Britain  by  ourneigh^ 
hours  on  the  other  side  of  the  Tweed,  namely,  ''that 
there  was  little  or  nothing  in  England  worth  the 
attention  of  a  geologist,''  has  lost  all  its  force.  The 
beds  of  sand  and  clay,  that  intervene  between  the 
two  last  formations  above  enumerated,  were  how- 
ever still  more  recently  regarded  as  unworthy  of 
particular  notice,  as  it  could  not  be  expected,  that 
beds  of  sand  or  clay  should  preserve  the  regularity 
of  stony  strata,  over  a  great  extent  of  surface :  but 
the  recent  labours  of  Mr.  Mantell  and  of  Dr.  Fitton, 
have  made  us  acquainted  with  facts  respecting  thfese 
earthy  and  sandy  deposits,  which  are  scarcely  ex- 
ceeded in  interest,  by  any  discoveries  in  the  lower 
strata. 

In  some  of  the  lower  formations  we  occasionally 
find  indications  of  dry  land  and  fresh -water  having 
existed  in  the  vicinity  at  the  time  when  the  strata 
were  deposited ;  but  we  no  where  discover  a  single 
8trati\m,  of  which  we  can  say  decidedly ,~*thi8  was 
once  the  dry  surface  of  an  island,  or  a  continent. 
In  the  strata  which  we  are  now  to  describe,  the 
shells  belong  chiefly,  if  not  exclusively,  to  species 
which  are  regarded  as  river  shells ;  and  the  abun- 
dance of  tree-ferns  and  other  land  plants  indicate, 
that  the  strata  in  which  they  are  found,  was  the  soil 
on  which  they  originally  grew:  this  is  rendered  still 
more  probable  by  the  occurrence  of  the  bones  and 
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teeth  of  herbivorous  animals  in  the  same  strata. 
Some  of  these  animals  are  of  such  a  vast  and  appall* 
ing  magnitude^  as  would  exceed  the  sober  measure 
of  ordinary  belief^  if  unsupported  by  the  existence 
of  well  preserved  parts  of  their  skeletons^  that  leave 
no  room  for  doubt. 

« 

The  beds  which  preserve  the  remains  of  land 
plants^  and  of  animals  living  partly  or  entirely  on  dry 
land^  are  covered  by  others  of  marine  origin^  and  by 
the  vast  formation  of  chalk,  in  aggregate  thickness 
not  less  than  six  hundred  feet^  but  in  which  the  re- 
mains of  no  land  animal  have  as  yet  been  discovered. 
^  Between  the  upper  oolites  described  in  the  last 
chapter^  and  the  lowest  part  of  the  chalk  formation^ 
the  following  beds  maybe  enumerated^  commencing 
with  the  lowest. 

The  Purbeck  beds,  so  called  from  the  Isle  of 
Purbeck  in  Dorsetshire^  where  they  were  formerly 
quarried  for  a  limestone  denominated  Purbeck 
marble.  These  beds  consist  of  argillaceous  lime- 
stone^ alternating  with  shale;  the  upper  beds  fur- 
nished the  best  stone :  the  total  thickness  of  all  the 
strata  is  about  three  hundred  feet ;  they  abound  in 
freshwater  shells. 

The  Iron-sand  or  Hasttngs-sand  covers  the  Pur- 
beck beds ;  it  is  chiefly  a  siliceous  sand  or  loose 
sandstone^  containing  the  brown  oxideofiron^  which 
generally  gives  the  sandy  beds  a  reddish  brown 
colour:  beds  of  clay  and  fullers-earth  are  occa- 
sionally interstratified  with  the  iron-sand. 

The  oxide  of  iron^  so  abundantly  disseminated 
through  this  sand^  is  often  concreted  into  hard  no* 
dules  and  irregular  veins^  which  project  above  the 
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turface^  wheretrer  steep  banks  or  escarpments  of 
iron-sand  occur.  Silicified  wood  and  wood  coal  are 
found  in  various  parts  of  the  sandstone  belonging 
to  this  formation^  both  in  England  and  on  the  Con-* 
tinent.  A  very  deep  section  has  been  cat  through 
the  iron-sand^  at  Woburn  in  Bedfordshire^  to  level 
the  graait  road  from  London  to  Northampton :  a  di- 
stinct view  of  its  mineral  characters  may  there  be 
observed ;  and  in  the  vicinity  of  Woburn  there  are 
pits  made  in  the  sand^  to  extract  fullers-earth.  But 
in  Tilgate  Forest  in  Sussex^  the  zoological  cha- 
racters of  this  formation  are  most  remarkably  dis* 
played.  Mr.  Mantell  has  published  a  very  inter* 
esting  account  of  the  fossil  remains  which  he  dis- 
covered  there.  They  consist  of  petrified  trunks  of 
large  plants^  bearing  a  resemblance  to  the  palms^ 
arborescent  fems^  and  gigantic  reeds  of  tropical 
climates;  the  shells  of  freshwater  genera^  as  the 
freshwater  muscle^  the  mya^  cyrena^  paludina^  and 
Helix  vivipara.  Some  remains  of  fish^  and  three  di- 
stinct species  of  turtles,  have  also  been  discovered ; 
and  the  bones,  teeth,  and  scales  of  at  least  four  gi- 
gantic species  of  the  lizard  family ;  namely,  the 
crocodile,  plesiosaurus,  megalosaurus,  and  iguano- 
don. 

The  crocodilian  remains  are  pronounced  by  Cu- 
vier,  to  be  almost  identical  with  those  of  the  fossil 
crocodile  discovered  at  Caen  in  Normandy,  which 
belongs  to  the  genus  gavial  (the  crocodile  of  the 
Ganges). 

The  Plesiosaurus. — This  animal  has  been  no- 
ticed. Chap.  II.  and  X. 

The  Megalosaurus. — The  bones  of  this  animal 
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found  at  Tilgate  are  similar  to  those  discovered  by 
Mr.  Buckland  in  the  Stonesfield  strata*  The  niegalo«> 
saurus  is  supposed  to  approach  nearer  to  the  form 
of  the  Monitor  *  than  to  any  other  species  of  living 
lizard ;  bnt  its  size  is  so  enormous^  that  Guvier  says^ 
if  we  suppose  it  to  have  possessed  the  proportion  of 
the  monitor^  it  must  have  exceeded  seventy  feet  in 
length. 

The  Iguanodon.*--A  nondescript  herbivorous 
reptile^  which  Cuvier  pronounces  to  be  the  most  ex* 
traordinary  animal  yet  discovered.  Its  structure  ap- 
proaches the  nearest  to  that  of  the  Iguana^  a  large 
species  of  lizard  in  the  West  Indies;  its  length  was 
between  sixty  and  seventy  feet,  which  is  double  that 
of  the  largest  living  crocodile.  But  the  great  pecu- 
liarity of  the  iguahodon,  is  the  form  of  its  teeth^ 
Which  bear  a  striking  resemblance  to  the  grindeis 
of  herbivorous  mammalia^  being  evidently  intended 
for  mastication^  in  which  respect  it  differs  from  all 
living  animals  of  the  lizard  family.  The  herbivorous 
amphibian  gnaw  off  the  vegetable  productions  on 
which  they  feed,  but  do  notchewthem. — ''Since  the 
vegetable  remains/'  says  Mr.  Man  tell, ''  with  which 
the  teeth  of  the  iguanodon  are  associated,  consist 
principally  of  those  tribes  of  plants  that  are  fur- 
nished with  rough  thick  stems,  and  which  were 
probably  the  principal  food  of  the  original  animal, 
we  may  be  permitted  to  remark,  that  this  peculiar 
structure  of  the  teeth  seems  to  have  been  required, 
to  enable  the  animal  to  accommodate  itself  to  the 


*  The  Monitor*-a  species  of  lizards  which  are  supposed  to  give 
warnlDg  of  the  approach  of  the  crocodile  by  a  hissing  noise. 
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condition  in  which  it  was  placed/^ — The  iguanodbn 
apptors  ako  to  have  possessed  a  horn^  equal  in  size 
and  not  very  different  in  form  from  the  horn  of  the 
rhinoceros :  in  this  respect^  it  resembles  a  living 
species  of  iguana^  a  native  of  St.  Domingo. 

Mr.  Mantell  concludes  his  ''  Illustrations  of  the 
Geology  of  Sussex/'  with  the  following  interesting 
observations. 

**  We  ciannot  leave  this  subject  without  offering 
a  few  general  remarks  on  the  probable  condition  of 
the  country^  through  which  the  waters  flowed  that 
deposited  the  strata  of  Tilgate  Forest ;  and  on  the 
nature  of  its  animal  and  vegetable  productions. 
Whether  it  were  an  island  or  a  continent^  may  not 
be  determined ;  but  that  it  was  diversified  by  hill 
and  valley^  and  enjoyed  a  climate  of  a  higher  tem^ 
perature  than  any  part  of  modern  Europe/  is  tnore 
than  probable.  Several  kinds  of  ferns  appear  to 
have  constituted  the  immediate  vegetable  clothing 
of  the  soil :  the  elegant  Hymenapteris  psUotoides, 
which  probably  never  attained  a  greater  height  than 
three  or  four  feet^  and  the  beautiful  Pecopteria  r^« 
ticulata,  of  still  lesser  growth^  being  abundant  every 
where.  It 'is  easy  to  conceive  what  would  be  the 
appearance  of  the  valleys  and  plains  covered  with 
these  plants^  from  that  presented  by  modern  tracts^ 
where  the  common  ferns  so  generally  prevail.  But 
the  loftier  vegetables  were  so  entirely  distinct  from 
any  that  are  now  known  to  exist  in  European  coun- 
tries^ that  we  seek  in  vain  for  any  thing  at  all 
analogous  without  the  tropics.  The  forests  of  Cla- 
tkraruB  and  Endogenita,  (the  plants  of  which^  like 
some  of  the  recent  arborescent  ferns^  probably  at^ 
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tained  a  height  of  thirty  or  forty  feetj  must  have 
borne  a  much  greater  resemblance  to  those  of  tro* 
pical  regions^  than  to  any  that  now  occur  in  tern* 
perate  climates.  That  the  soil  was  of  a  sandy  nature 
on  the  hills  and  less  elevated  parts  of  the  country, 
and  argillaceous  in  the  plains  and  marshes,  may  be 
inferred  from  the  vegetable  remains,  and  from  the 
nature  of  the  substances  in  which  they  are  enclosed. 
Sand  and  clay  every  where  prevail  in  the  Hastings 
'strata ;  nor  is  it  unworthy  of  remark,  that  the  recent 
vegetables  to  which  the  fossil  plants  bear  the  greatest 
analogy,afiectsoils  of  this  description.  If  we  attempt 
to  pourtray  the  animals  of  this  ancient  country,  our 
description  will  possess  more  of  the  character  of  a 
romance,  than  of  a  legitimate  deduction  from  esta- 
blished facts.  Turtles,  of  various  kinds,  must  have 
been  seen  on  the  banks  of  its  rivers  or  lakes,  and 
groups  of  enormous  crocodiles  basking  in  the  fens 
and  shallows." 

''  The  gigantic  Megalosaurus,  and  yet  more  gi- 
gantic/guanocfon,  to  whom  the  groves  of  palms  and 
arborescent  ferns  would  be  mere  beds  of  reeds,  must 
have  been  of  such  prodigious  magnitude,  that  the 
existing  animal  creation  presents  us  with  no  fit  ob* 
jects  of  comparison.  Imagine  an  animal  of  the 
lizard  tribe,  three  or  four  times  as  large  as  the 
largest  crocodile,  having  jaws,  with  teeth  equal  in 
size  to  the  incisors  of  the  rhinoceros,  and  crested 
with  horns ;— such  a  creature  must  have  been  the 
iguanodon !  Nor  were  the  inhabitants  of  the  waters 
much  less  wonderful ;  witness  the  plesiosaurus,  which 
only  required  wings  to  be  a  flying  dragon ;  the  fishes 
resembling  SUuri,  Balista,  &c." 
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The  parts  of  England  where  the  iron-sand  covers 
a  considerable  extent  of  surface^  are  the  counties  of 
Kent^  Sussex^  and  Bedfordshire.  In  France  it  is 
denominated  gres  ferrugineux. 

The  fVeald-clayy  so  called  from  being;  first  no* 
Uced  in  the  Wealds  of  Kent,  varies  in  its  quality 
from  a  dark  tenacious  clay^  to  a  gray  calcareous 
marie.  Some  of  the  beds  consist  of  argillaceous 
limestone^  filled  with  univalve  shells  of  the  genus 
Vivipara^  a  freshwater  shell.  This  limestone^  called 
Petworth  or  Sussex  marble^  closely  resembles  the 
Purbeck  marble  before  described.  In  Kent^  the 
Weald-clay  is  threehundred  feetthick^  but  it  does  not 
appear  to  be  an  extensive  bed^  as  it  grows  thinner  in 
the  adjacent  counties^  and  has  not  been  traced  be- 
yond  them.  Here  terminates  the  freshwater  forma* 
tion  below  chalky  comprising  the  Purbeck  beds^  the 
Hastings-  or  iron-sands^  and  the  Weald-clay^  with 
their  associated  beds  of  marie  and  limestone.  Whe* 
ther  the  whole  series  were  deposited  in  a  freshwater 
lake,  or  whether  the  remains  pf  freshwater  plants 
and  animals  were  carried  down  by  rivers^  and  left 
in  estuaries  at  their  mouths^  perhaps  future  inves- 
tigation  may  determine.  Whatever  was  the  con- 
dition of  this  part  of  the  globe^  when  the  strata 
with  fireshwater  remains  were  formed^  we  have 
certain  proofs  that  it  was  again  covered  by  a  very 
deep  sea^  in  which  all  the  thick  beds  of  chalk  and 
chalk  marie  were  deposited^  and  in  which  the  nu- 
merous tribes  of  marine  animals  lived  and  flourished^ 
that  have  left  their  exuviae  in,  the  different  parts  of 
that  great  calcareous  formation. 

Green-aand, — ^This  bed^  which  is  of  considerable 
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thickness^  is  interposed  between  the  Weald-clay  and 
the  chalky  and  is  to  be  distinguished  from  the  iron* 
sand  below  both^  by  its  mineral  and  zoological  cha^ 
racters*.  The  green-sand  might  perhaps  be  pro- 
perly classed  as  a  lower  member  of  the  chalk  forma- 
tion, as  it  accompanies  chalk,  both  in  England  and 
on  the  continent  of  Europe ;  and  the  lower  beds  of 
chalk  or  chalk  marie  pass  gradually  into  the  green- 
sand,  by  a  dose  intermixture  with  it,  and  have^  on 
account  of  their  greenish  or  yellowish  colour,  been 
denominated  Glaucanie  crayeuMe  and  Crate  cUo^ 
ritSe,  by  the  French. 

Green-sand  has  received  its  English  name  from 
its  intermixture  with  particles  of  green  earth ;  it  is 
very  variable  in  its  mineral  characters,  being  some** 
times  found  composed  of  loose  siliceous  sand ;  in 
other  situations,  it  forms  sandstone  cemented  by 
calcareous  earth ;  it  abounds  in  siliceous  concre- 
tions, which  vary  from  an  opaque  blueish  white 
chert  or  homstone,  to  flint  and  chalcedony.  The 
geodes  found  in  the  green-sand  near  Sidmouth,  are 
composed  of  opaque  chert  on  the  outside,  and  con*' 
tain  within,  mammillated  concretions  of  beautiful 
chalcedony,  and  occasionally  perfect  minute  rock 
crystals.  Some  of  the  sandy  concretions  near  Sid- 
mouth have  a  beautiful  green  colour,  which  I  foUnd 
to  proceed  from  green  sulphate  of  iron  f . 

*  The  fossils  ia  the  Weald.clay  of  Tilgate  Forest,  accordiog 
to  Mr.  Mantell,  are  the  Cyprisfaba,  Palludinae^  Cjrenae,  scales 
of  fishes,  and  Viviparae  paludinae. 

f  On  the  east  of  Sidmouth, Mmmedlately  above  the  town,  I 
observed  green.sand  iDtertmxed  with  black  paitleles,  whiefa  I 
aaoertaioed  to  be  the  bbick  oxide  of  manganese. 
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The  fossils  in  the  ^reen-sand  are  very  numerous^ 
and  in  high  presenration :  they  consist  chiefly  of 
various  species  of  chambered  and  uncbambered 
univalve  sbells>  and  of  bivalve  shells  and  echini; 
few  remains  of  vertebrated  animals  have  been  found 
in  any  part  of  the  beds.  Amidst  the  great  variety 
of  fossil. species.  It  would  be  difficult  to  select. any 
one  which  is  decidedly  characteristic  of  this  format 
tion ;  but  where  several  speciea  are  associated  in  (hp 
green^and  in  different  situations,  they  may  serve 
collectively  to  identify  it  in  remote  countries; 
M.  A.  Brongniart  has  thus  attempted  to  identify  the 
strata  near  the  Peite  de  Rhone  on  the  confines  of 
Savoy,  with  the  green-sand  or  chalk  marie  in  the 
north  of  France  and  in  England,  in  an  interesting 
memoir  entitled  Sur  les  Charactires  Zaologique^ 
des  Formations,  pubL  182S  *.- 

There  is  one  negative  character  which  the  fossils 
in  the  gpreen-sand  afford ;  the  echini  of  the  genus 
SpatenguB,  which  are  common  in  chalk,  and  in  the 
green-sand,  have  not  been  discovered  in  any  iowef 
formation.  In  the  western  part  of  England,  the 
fossik  in  green-sand  are  often  converted  mUx  chal- 
cedony. Below  the  green-sand,  in  the  county  of 
Sussex,  there  is  a  stratum  of  day,  called  gaU,  under 
which  there  is  a  ferruginous  sand,  passing  in  the 
fewer  part  into  green-sand;  this  is  sometimes  called 
Shanklin-sand,  and  sometimes  the  lower green-sandi 
According  to  Mr.  Mantell,  it  contains  casts  of  the 

« 
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*  Near  the  Perte  de  Rhone,  in  the  hed  of  the  river  Valteline, 
I  discovered  f  trata  bearing  a  great  resemblance  to  the  lowe^ 
Eogliih  chalk. 
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trigonice^  patelte^  modiote^  &c.  The  gait  or.PiMr- 
fttone  marle^  contains  belemnites^  amiDoniteSj  aadl 
nautilites,  with  remains  of  fishes  and  crabs. 
.  The  green-sand  formation  is  covered  by  challi; 
but  in  some  parts  of  England  it  extends  beyond 
the  chalky  and  covers  the  subjacent  strata  at  a  con*^ 
siderable  distance  from  the  chalk  formation.  The 
French  chemist  M.  Berthier^  discovered  that  tbe 
green  particles  in  the  strata  under  and  over  chalky 
are  the  siliciate  of  iron.  The  general  name  given 
by  the  French  to  the  green -sand  formation^  is  gres 
et  sables  verts. 

Chalk. — This  rock  extends  through  many  of  tbe 
eastern  and  southern  counties  in  England ;  it  may 
be  traced  with  little  interruption  from  Yorkshire 
into  Kent^  and  from  Kent  into  Dorsetshire.  Chalk 
is  a  stone  so  well  known  in  England^  as  to  require 
but  little  description.  Its  prevailing  colour  is  white, 
but  some  of  the  lower  beds  incline  to  g^y  ;  it  has 
an  earthy  texture,  and  is  generally  so  soft  as  to  yield 
to  the  nail,  though  some  of  the  lower  beds  are 
sufficiently  hard  to  be  employed  for  building-stone. 
The  average  thickness  of  the  chalk  strata  may  be 
estimated  at  from  six  hundred  to  eight  hundred 
feet.  The  upper. beds  contain  numerous  nodules 
and  short  irr^ular  veins  of  flint ;  the  lower  chalk 
contains  fewer  flints,  and  is  generally  hard:  below 
this,  there  occur  beds  of  soft  chalk,  called  chalk 
marie.  In  France  the  beds  of  chalk  seldom  attain 
the  thickness  which  they  have  in  England.  The 
French  divide  the  chalk  formation  into  the  lowest 
or  chalk  marie,  with  green  particles,  crate  chlorit^e, 
or  glaucanie  crayeuse;  the  middle  or  coarse  chalk 
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* 

k  Wf  a  ^caybh  cdour  «nd  intoroiixed  with  samt ;  k 
QfmUHift /wlAti9h  obert  (criae  groaiiire  or  terme 
ii^eau);.  the  upper  or  white?  chalk  (crate  btotcAa)^ 
whicsh  containB  nodulea^kf  oomiQon.fliBt. 
-  :  M*  Hmnbdldi^  aftec  noticing  the  gceat  inter- 
mi;Ktiire  of  4he  sandy  calcareous  and  ai^illaceous 
.bbdsj  in  the  fonaations  bdow  chalky  and  which  is 
gMailyjQcreased  in  the  tertiary  :Btraita  abore  chalk, 
oblervea, ''  that  nature- seems  to  haTe  relented  inher 
tendency  to^orm  complex  mixtutfes  when  chalk  was 
^bposited."  In  the- chalk  formation,  we: find. an 
assemblage  <rf  calcareous  strata,  composed  of  car- 
bonate of  Hme^.  with  very  little  intermixture  ^f  the 
other  earths,  and  without  any  alternation  with  argil- 
l^ea^us  or  flUioeousUtrata.  Chalk  is  not*  however, 
absolutely  pure ;  for  beside  the  nodules  and  v^nsof 
flint  that  occur  in  it,  but  which  bear  no  sensiUe  pro- 
portion to  the  whole  mass,  fome  of  thestmia  eon- 
tun  an  intermixture  with  siliceous  sand,  jbimI  in 
ie4ber  strata,  cakareous  earth  is  combined;  with 
iMignesia.  In  some  of  ike  chalk  istrata  in  France, 
the  tMgnesia  ^Lceeds  ten  per  cent^  and  I  beKeve 
many  of  the :Engliah  chalk  strata  contain,  as  greet 
a  proportion  of  raagnesian  earth. 

Chalk  which  contains  a  notable  portion  of  mag- 
nesia* may  generally  be  known  by  an  appearance 
of  dendritical  spotted  delineations  on  the  surface  of 
the  natural  partings,  and  by  minute  black  spots, 
Itte  grains  c^  gunpowder,  in  the  substance  of  the 
chalk. ' 

The  stratification  of  chalk  is  seldom  so  distinct 
as  in  many  other  calcareous  formations :  this  may 
be  partly  owing  to  the  softness  of  the  beds^  which 
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appear  to  haire  yielded  to  presrare ;  and  to  the  same 
cause  we  may  probably  ascribe  the  fractured  state 
of  the  nodules  of  flint  in  chalk,  which  often  appear 
wholoj  when  they  are*  imbedded  in  the  rock^ ^but 
when  taken  out^  are  found  to  be  shiTered  into  in- 
numerable an^hr  fragments.  The  nodules  of 
flint,  are  commonly  amtnged  in  pretty  regular 
layers  in  the  chalk ;  tbey  occur  in  detached  con- 
cretions of  various  shapes  and  ^izes :  some  of  them 
are  believed  to  be  the  casts  of  spongiform  «o- 
phytes ;  and  this  is  rendered  more  probable,  by  die 
frequent  occarrence  of  fossil  echini  in  chalk,  in 
which  the  internal  part  is  filled  with  flint,  and  fia^nis 
a  perfect  oast  of  Uie  animal. 

The  constant  occurrence  of  flint  in  the  upper 
chalk,  and  the  apparent  conversion  of  animal  re- 
mains into  flint,  has  formerly  given  rise  ti>iitidch 
speculation  respecting  the  origin  of  flinty  and 'it 
was  at  one  time  maintained^  that  flint  and  cbalk 
are  convertible  or  capable  of  undei^tng  a  dftutual 
tcBDsmutation :  but  whatever  hidden  processes  tiiere 
may  be  in  the  great  laboratory  of  theeorth,  by 
which  all  mineral  substances,  hdd  to  be  elementary 
by  the  chemist,  may  be  resolved  into  original  ^«le- 
ments  still  more  simple,  and  afterwanda  recom- 
pounded  into  other  substances,  we  have  no  reason 
to  mount  so  high  in  our  speculations,  respecting 
the  origin  of  flint 

Flint  is  siliceous  earth  nearly  pure,  and  we  find 
the  same  earth  under  different  forms  combined  with 
almost  all  calcareous  rocks  in  a  greater  or  lesser 
proportion. 

Primitive  limestone  is  often  much  intermixed 
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«Mi«ffiAeoui  earth.  TmnsitiAii  limestonis  occaskm^ 
mUgr  contaiM  rock-*cr3r8tab  imbedded  in  the  ma»t 
tbi^  (it.  not  unfvequently  tke  cue  in  some  of  the 
transition  limestoneBof  Derbyshire*  The  magntoiaa 
limestones  slnd  bcdilies^  are .  also  very,  cemmonly  in- 
Jterarixed  with  nliceons  grains^  and  often  akcnmte 
svith  straia  that  are  more  or  less  silioeous :  hence 
«e  need  not  be  snlrprised  to  find: siKceonS/ earth  in 
ithalk^  ^belr  combined  wkfa  cakareons  earthy  or 
Separated  in  distinct  concretions;  When  the  catvi^ 
ties  i  of  a  sponge /or  onistaceons  animal  admitted 
ihm  isiliceoBS.  eatrth  to  enter/ it.  appears  to  haye 
l>6en  inffilteced  fsom.the  chklk,  in  the  ^ame  manner 
asfihenodiiles:  of  .chalcedony,  have  been  infiltered 
itato  thecavitiebiof  lava  or  basalt.  Betsreen  chal- 
cedony* and*  flinfc  there  is  a  near  resemblance^  they 
fure  onlydiffetenlmodesiof  the  same  snbstance>  and 
Uieifliirt  ttodUilesin  the  M^esCim  counties  of  England^ 
sJfia  ifreqneii^!  cfaakedonicL  The  hardest  rocks 
and  atones  are. permeaUe  to  water;  and  fiint  When 
first:  got iout'ofr  the  chalk  is  easily  fractaredy  and  tile 
fnkctured  surfobe  is  finind  coimred  with  moisture.  : 
.The  fossils  found  in  chalk  are  die  reiaaihs  of 
marine  animals*'  The  Echini^  of  which  there  are 
nariovs  slmciesy  are  iso  .numerous  that  they  are  oon^ 
iidftved^as  chamcterisftieof  this  formation^  and  some 
are  peculiar'to.>>it^  pavticolarly  the  helmet-shaped 
echinus  {aMEisdryl^s)'. 

Anuqdhitoe  o£  a  different  species  from  those  in 
the  tower  ittiata  are  occasionally  found  in  chalky  and 
also  'b^lemnites.and  scaphites.  There  are  but  few 
spiral  univalve  shells  in  this  formation^  which  per^ 
haps  msfy  confirm  the  opinion  before  stated^  that 
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the  animals  of  this  class  were  not  Ae  iDhahitants 
of  fdeep  seas.  Of  bivalve  sheUs  there  ate  many 
spades ;  and  the- remains  of  zocphytes;  paitieiilairly 
of'spongesand  akyonm^  are  numexbns. 

.The  reouuDs  of  vertebrated  aniinak  are  rare ; 
they  consist  chiefly  of  the  teetb^  palates^  vertebrs^, 
and  scales  of  fishes.  The  great  preservation  m 
whith  some  of  the  most  deHcate  of  these  remains 
are  ibequently  founds  render  it  probable,  tiiat  chalk 
was 'deposited  in  a  deep  and  tranqtiil  sea.  Balls  ^f 
iron  pyrites  with  a  radiated  diverging*  struetare, 
are  frequently  found  m  chalky  ahd  the  laige  spines 
of  echini,  of  the  genus  CSdariS,  are  foiind  coiivecteA 
into  pyrites  in  the  chalk-pits  near<  Dttirking ;  they 
resemble  small  fungi  with  a  sta&  bnd  rdundedi  headl 

AIL  the  fossils  in  chalk  are  regarded  as  (beloog^ng 
to  species  now  extinct,  and  sevecai  of  thcim/ belong 
to  extinct  genera.  Mr.  narkinsdn  iay^  tibat  l^hainUf 
a  single  fossH  has  beenlfoiind  in*tbd  low^^^chaik; 
which  :has  been:  met  witii-  id  the  tapper  t>r  iki  hny 
oth^r  stratum.''  Chalk  extiends  aliAig^tbe'iioirtberh 
coast  of  France  opposite  the!  ehalk  icUffs  of  Bxi^ 
gland>'of  whkh  it  was!  ha  doubt  a.  cdtitiniuo^s  forma- 
tion :  it  extends  also,  Jbr  intolhb  Intei^ior  of  Fcance; 
and  may  be  traced  through.  tfae^NetherJandb  and 
part  of  Germany,  into  Poland,  :asMl' to  the  island  of 
Rugen  in  the  Ekdtic,  and  into  Swfeden. 

The  lower  part  of  the  chalk  formation  )may  ialso 
be  traced  to  the  calcareous  rang^  of  the  Alpsb  We 
have  no  precise  information  r^pecting  the  extent 
of  chalk  in  Asia  :  it  has  been  said,  but  with  whai 
truth  I  know  not,  that  Jerusalem  is  built  upon  dhaUc. 
Humboldt  discovered  no  chalk  in  South  America, 
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nor  has  it  been  hitherto  found  in  any  part  of  the 
United  States.  Chalk  is  the  uppermost  of  the  strata 
classed  as  secondary ;  it  was  tiU  very  lately  regarded 
as  the  most  recent  of  rock-formations^  except  the 
volcanic. 

Between  the  epoch  when  chalk  was  deposited^ 
and  the  period  when  it  was  covered  with  the  ter- 
tiary strata^  there  appears  to  have  been  a  consi- 
derable interval^  during  which  the  surfiice  of  the 
extensive  mass  of  chalky  was  in  many  situations 
deepfy  furrowed^  and  excavated  into  valleys  and 
basins^  before  a  new  series  of  strata  were  deposited 
upon  it^  destined  to  support  a  new  creation  of  ani- 
mals of  a  superior  class,  altogether  diiferent  from 
these  which  have  left  their  remains  in  the  subjacent 
stiBta. 
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CHAPTER  XIV. 

ON  THE  TERTIARY  FORMATIONS. 

Oa  the  Formation  of  the  Tertiary  Strata  in  Lakes  or  inland 
Seas.i— On  their  subsequent  destruction  by  external  causes.— 
On  the  discovery  of  the  Terdaiy  Strata  of  France.-— Altema- 
Mons  of  Marine  aad  Frnhwater  8trata.--49renend  Oasdll. 
cation  of  Tertiary  Strata. — Lower  Marine  Strata  «)iiietiaies 
alternating  with  Beds  containing  River  Shells  and  Lignite. 
— Lower  Freshwater  Strata  sometimes  contuning  Marine 
Shells.  ^- Upper  Marine  Sandstone.  —  Upper  Freshwater 
Limestone. — Plastic  Clay  and  London  Clay.— Molasse. — On 
the  Remains  of  Land  Qaadmpede  supposed  to  be  found  in 
Molasse.— On  the  London  Clay  in  <bs  Vale  of  Thamea  «ad 
the  Strata  with  pure  Water  below  it.  —  Calctdre  grotiier 
and  Calcdre  fiViceux.— Gypseous  Marie  and  Gypsum  of 
Paris  contidning  Bones  of  numerous  extinct  Species  of  Land 
Quadrupeds.— Upper  Marine  Stodstone  of  France  and  En. 
gland. — Freshwater  Umestone  of  Paris  and  the  South  of 
France.— Remarkable  position  of  the  Tertiary  Strata  in  the 
Isle  of  Wight.— Opinions  respecting  the  alternation  of  Marine 
and  Freshwater  Formations. 

XHE  tertiary  formations  comprise  all  the  various 
regular  beds  of  limestone^  clay^  marle^  sandstone, 
or  sand,  that  have  been  deposited  after  chalk. — 
They  were  until  very  recently  confounded  with  al- 
luvial and  diluvial  deposits,  and  were  scarcely 
noticed  by  geologists.  It  is  now  however  disco- 
vered, that  the  tertiary  formations  are  very  widely 
spread  over  the  present  islands  and  continents,  and 
are  of  considerable  thickness. 

The  most  remarkable  discovery  that  has  been 
made  respecting  the  tertiary  deposits  is,  that  many 
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of  them  contain  the  bones  of  mammiferous  qua- 
drapeds^  as  perfect  in  their  organization  as  any  of 
the  existing  species  of  land  quadrupeds^  but  most  of 
them  belonging  to  genera  or  species  that  are  extinct. 
The  tertiary  strata  are  further  remarkable,  for  pre- 
senting the  frequent  alternation  of  beds  containing 
the  remains  of  marine  animals^  with  other  beds  that 
contain  the  bones  of  land  animals,  or  freshwater 
shells.  It  appears  that  the  tertiary  strata  were 
chiefly  formed  in  detached  inland  seas,  or  lakes ; 
hence  there  is  a  considerable  diversity  in  the  thick- 
ness, number  and  quality  of  the  beds,  in  different 
districts  or  countries. 

During  the  deposition  and  consolidation  of  the 
upper  secondary  strata,  the  crust  of  the  globe  ap- 
pears to  have  remained  in  a  quiescent  state,  and  to 
have  experienced  few  violent  concussions  and  de- 
rangements from  internal  causes.  Those  faults  and 
dykes  which  have  bent,  contorted,  or  broken  the 
lower  strata,  rarely  extend  to  the  upper  secondary 
strata ;  for  we  find  the  latter  arranged  horizontally 
over  them,  or  dipping  with  a  very  slight  degree  of 
indinatipn.  Where  the  upper  secondary  strata 
have  experienced  any  considerable  disturbing  force, 
it  appears  to  have  operated  at  a  comparatively  re- 
cent period,  after  the  deposition  of  the  tertiary 
strata ;  for  they  are  frequently  raised  or  depressed 
together,  as  we  have  before  noticed  in  the  Alps. 

In  our  own  island,  we  have  instances  of  partial 
subsidences  of  the  upper  secondary  and  tertiary 
strata,  which  however  are  few  and  of  very  limited 
extent. 

Though  in  England  and  the  northern  parts  of 
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Europe^  few  internal  disturbing  causes  have  acted 
intensely  or  extensively  on  the  crust  of  the  globe, 
after  the  deposition  of  the  upper  secondary^  and  the 
tertiary  strata^  we  have  clear  indications  of  an  ex- 
ternal force^  which  has  torn  away  considerable 
portions  of  them^  and  transported  their  ruins  into 
distant  countries^  or  into  the  ocean.  Many  of  these 
strata  have  evidently  once  extended  beyond  their 
present  limits ;  and  some  of  the  tertiary  strata  have 
been  so  completely  destroyed  in  many  situations^ 
that  we  can  only  infer  their  former  existence^  by  a 
few  remaining  detached  portions. 

In  France,  the  tertiary  strata  are  more  widely 
spread,  and  many  of  them  more  fiilly  developed,  than 
in  England :  it  is  indeed  scarcely  possible  to  ima- 
gine a  more  distinct  display  of  the  series  of  strata 
in  aiiy  class  of  rocks,  than  is  presented  close  to  the 
very  gates  of  I^ris.  In  a  capital  so  distinguished 
for  scientific  investigation,  and  possessing  so  many 
-able  and  acute  observers,  it  does  indeed  seem  truly 
extraordinary,  that  the  strata  with  which  they  were 
surrounded,  should  never  have  been  properly  ex- 
amined until  so  recent  a  period,  as  the  early  part  of 
the  present  century.  What  is  daily  before  our  eyes 
seldom  excites  attention,  or  is  deemed  deserving  of 
much  notice ;  but  theire  was  another  cause  which 
long  prevented  the  philosophers  of  Paris  from  ob- 
serving the  remarkable  objects  around  them.  Cap- 
tivated with  the  generalizations  of  Werner,  who  it 
was  firmly  believed  had  unlocked  all  the  hidden 
mysteries  of  Geology,  and  comprised  in  his  system^ 
all  the  different  formations  that  composed  the  crust 
of  the  globe,  they  saw  before  them  a  series  of  strata 


which  had  noagteement  with  any  part  of  th«  Wer- 
nerian  classification ;  hence  they  could  not  avoid 
the  painful  persuasion^  either  that  the  system  of 
Werner  was  incomplete^  or  that  they  were  unable 
to  apply  it  properly.  To  avoid  aa  acknowledgment 
so  little  satisfiictory^  the  geokg^sts  of  Paris  averted 
their  attention  and  that  of  their  pupils  from  nearer 
objects^  and  directed  them  to  the  mountains  of 
Germany  or  Switzerland.  Had  not  another  sci- 
ence^ comparative  anatomy^  come  to  the  aid  of  geo* 
l<>Syi  ^®  might  yet  have  remained  unacquainted 
with  the  tertiary  strata  around  Paris.  At  lengthy 
the  number  of  skeletons  of  strange  and  unknown 
animals  discovered  in  some  of  the  strata^  forcibly 
attracted  the  notice  of  that  distinguished  naturalist 
Cuvier^  and  it  was  resolved  to  investigate  atten- 
tively the  geology  of  the  whole  district.  M.  A .  Brong- 
niart  was  associated  with  Guvier  in  the  investiga- 
tion^ and  in  1811  the  result  of  their  labours  and 
observations  was  given  in  a  work  entitled  Easai  sur 
la  Geographic  Min^ralogique  des  Environs  de 
Paris, — the  most  luminous  and  interesting  exposi- 
tion of  local  geology  ever  presented  to  the  world ; 
and  from  this  period  we  may  date  the  first  accurate 
knowledge  of  the  tertiary  strata. 

The  following  extract  from  the  Essay  of  Messrs. 
Cuvier  and  Brongniart^  presents  a  general  view  of 
the  arrangement  of  the  strata  round  Paris. 

''  The  country  in  which  the  capital  of  France  is 
situated  is  perhaps  the  most  remarkable  that  has  yet 
been  observed^  both  from  the  succession  of  different 
soib  of  which  it  is  formed^  and  from  the  extraordi- 
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nary  oigsnic  remains  vThich  it  contains.  Millions 
of.  niwine  shdls,  which  alternate  regulariy  with 
freshwater  shells^  compose  the  principal  mass. 
Bones  of  land  animals^  of  which  the  genera  are 
entirely  unknown^  are  found  in  certain  parts ;  other 
bones  remarkable  for  their  vast  size,  and  of  which 
some  of  similar  genera  (gudquea  congenhes)  exist 
only  in  distant  countries,  are  found  scattered  in  the 
upper  beds.  A  marked  character  of  a  great  irrup- 
tion from  the  south-east  is  impressed  on  the  summits 
(caps),  and  in  the  direction  of  the  principal  hills.  In 
one  word,  no  country  can  afford  more  instruction 
respecting  the  last  revolutions  which  have  termi- 
nated the  formation  of  the  present  continents/' 

Though  dialk  is  the  foundation  rock  of  the 
country  for  a  considerable  extent  round  Paris^  it 
only  rises  to  the  surfoce  in  a  few  situations,  being 
covered  by  the  other  strata  in  the  following  order, 
beginning  with  the  lowest  stratum  above  chalk. 

1.  Plastic  Clay  and  Lower  Sand. 

3.  Calcaire  grossier. 

9.  Calcaire  silicenx  and  Sandstone. 

4*  Gypseous  Marie. 
Gypsom  with  Bones. 
Upper  gypseous  Marie. 

5.  Sandstone  and  Sand  without  Shells. 
Upper  Marine  Sandstone. 
Millstone  without  Shells. 

6.  Freshwater  Limestone,  including  Maries,  and  MiQ.stone, 

with  freshwater  Shells. 

7.  AiluTialSoil,  ancient  and  modem,  including  Pehhles,  Pud- 

ding-stone, Black  Earth  (te$marne9  argiUcuscf  noire$)y 
and  Peat. 
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Tbe  total  tbickiieiNf  of. the  4iffeMiii  beds  And' 
strata  orer  the  chaHi^  as  given  in  an  ideal  Mction  of 
the  country^  is  nearly  five  hundred  feet. 

Each  of  the  above  divisions  of  the  (ertiiary  strata 
in  the  Paris  basin^  admits  iyf  numerous  subdivisions; 
but  it  is  not  the  object  of  the  present  volume  to 
enter  into  the  minute  details  of  local  geology^  but 
to  present  a  view  of  the  principal  formations  that 
occur  in  various  countries.  Many  of  the  beds  in 
the  Paris  basin  are  not  found  elsewhere^  and  there- 
fore cannot  be  taken  as  types  of  the  whole  class; 
and  the  lower  bed  called  the  plastic  clay^  is  but  very 
i  mperfectly  developed  near  Paris.  In  attempting 
to  generalize  the  tertiary  formations^  a  difficulty 
presents  itself^  if  we  are  to  class  them  by  their 
zoological  characters;  for  some  of  the  formations, 
which  contain  exclusively  the  remains  of  marine  ani- 
mals in  certain  situations^  contain  in  other  situations 
river  or  lake  shells^  with  wood  and  the  bones  of  land 
animals.  It  is  therefore  probable^  that  while  the 
waters  in  one  lake  or  basin  might  be  saline^  those 
in  another  lake  might  be  fresh ;  and  two  cotempo- 
raneous  formations  may  hence  contain  very  dif- 
ferent orgastic  remains. 

The  tertiary  formations  may  be  conveniently  di- 
vided as  under : 

Tertiary  Farmationa. 
I.  Lpwer  M«u>.  B«i,.  .  {'■^:2l^;^'''""' 

a  Argillaceoiis   and  Sandj  *)    .     ..       ^ 

deporits,  Pl«tfc  Clay,    l^g»^etGre,tertiaire,d 

8nd,  Loodon  Gay  .    .  )     '«*«»'«*• 
b  Lower  Marine  Limcjitone. — Calcaire  grottier. 
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9.  Lower  Froeb  Water)  Sometimes  intefmised 

Beds.      .....  5      Marine* 

a  Marie.  . 
b  Gypsum. 

S.  Upper  Marine  Forraation. 

a  Saod  and  Sandstone  witbont  Shdls. 
b  Sandstone  with  Shells. 

4.  Upper  Freshwater  Formation. 

o  Limestone. 

b  Siliceous  Mill -Stone. 

The  plastic  clay^  and  London  clay^  with  the 
various  associated  beds  of  sand^  may  properly  be 
regarded  as  one  formation^  of  which  the  plastic 
clay  is  the  lowest  member  resting  on  chalk.  Near 
Paris  this  is  a  very  thin  bed^  but  in  the  south  of 
France  it  acquires  a  great  degree  of  thickness^  and 
appears  to  comprise  the  upper  argillaceous  beds^  or 
what  we  call  the  London  day :  it  is  remarkable  for 
the  vegetable  fossils  and  beds  of  lignite  which  it 
frequently  but  not  invariably  contains.  In  England^ 
in  the  lower  beds  of  this  formation,  there  are  found 
beds  of  imperfect  wood  coal ;  but  both  the  plas- 
tic clay,  and  the  London  clay,  contain  shells  and 
other  remains  of  marine  animals ;  whereas  on  the 
Continent,  beside  the  great  quantities  of  fossil  wood 
and  wood  coal  found  in  the  same  argillaceous  beds, 
there  are  numerous  remains  of  freshwater  shdls, 
which  render  their  title  to  be  denominated  marine 
formations  more  than  doubtful.  The  beds  of  sand 
are  sometimes  of  considerable  thickness.  By  many 
geologists  it  is  maintained,  that  the  beds  of  soft 
sanddtone  (called  moZosse),  and  of  sandstone  con- 
glomerate (called  nagel  flue  in  Switzeriand),  be- 
long to  this  part  of  the  tertiary  formations.     That 
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mmd .  of  ihese  beds  maj  h^  tertiary  I:  will  not  deny ; 
but  I  am  fully  convinced^  tkat  many  beds  of  mo*- 
kuteem  Savoy  are  coTered  by  dM  Jura  limestone 
and  oolites,  having  r^e^tedly  seen  them  in  cbn^ 
tact,  iand  got  specimens  from  each  bed  at  the  line 
of  junction^. 

The  bones  of  horses,  with  the  tooth  of  an  €de^ 
phant,  have  been  found  in  a  bed  of  unctuous  day 


*  As  the  opinions  of  gedogistshave  been  nmchdiTided  respect- 
ing the  molasse,  or  soft  sandstone  of  Switseriand  and  ^tmtfy  I 
shall  here  insert  some  observations  upon  it,  given  In  the  first 
volimie  of  mj  Travels  in  the  Tarentaise*  I  mtaSt  first  reraarlc, 
tliat  almost  all  the  sandstone  strata  In  these  countries  possess 
neatrij  the  same  character  of  minute  angular  fragments  ce- 
mented bj  calcareous  earth  ;  and  if  tfete  term  molasse  be  applied 
to  all  of  them,  molasse  is  of  very  diiferent  ag^s,  like  the  sand* 
fstone  in  the  English  strata*  In  the  chapter  on  the  destnictiofi 
of  rocks,  I  shall  advert  to  the  strati^  of  molasse  agun ;  they  have 
Mtherto  received  much  less  attention  than  their  magnitude  and 
Importance,  as  constituent  'parts  of  the  outer  ranges  of  the  Alps^ 
>req[uire. 

^<  The  outet-  ^calcareous  mountains  on  the  western  side  of 
Savoy,  aU  rest  upon  an  immento  formation  of  soft  sandstone, 
(moksse),  and  are  interstratified  with  it ;  and  so  far  from  this 
aandstone  being  more  recent  than  the  Hmestone  (as  Saussure 
supposed),  it  constitutes  a  considerable  part  of  the  bulk  of  these 
mountains,  that  are  called  calcareous.  In  the  Valley  of  les 
Eehelles,  the  immediate  junction  of  the  limestone  with  the  sand, 
stone  may  be  seen  soon  after  entering  the  valley  from  the  arch, 
way.  This  vast  wall  of  limestone,  nearly  one  thousand  feet  in 
thickness,  rests  upon  a  mass  of  sandstone  of  unknown  depth : 
^ere  is  very  little  dip  where  the  first  junction  is  seen,  but  about 
a  mile  below^  you  meet  with  the  Mmestone  again  In  conjunction 
witii  the  sandstone,  and  thrown  Into  a  vertical  position.  The 
woikmen  that  I  met-with  near  the  month  of  tiie  gallery,  said 
they  always  found  sandstone  below  the  limestone,  and  they  con* 


S08  BONES  OP  LABOB  QITADRUPEDS 

near  Margate ;  but  astheday  is  nperficAali  itiB^r 
lie  a  diluvial  formatioo..  *    > 

.  If  the  sandstone  with  lignite  at  Alpnaoh;  hmv  thi 
lake  of  Zurich,  reaHy  bdeng  to  this  tevtikry  for^ 
•nalimij  we  may  cite  it  as  containing  the  taedi  and 
bones  of  the  mastodon  and  other  mammifspous 
4|oadrupeds,  at  the  depth  of  two  hundred  and 
aeventy  feet  ,     .      '  '..  i  i 


sidered  It  m  tbe  lomevl.bed  in  the  coiMitix :  but  tbis  is  pb^&oosl  j 
a  mistake*  Tlie  sandMont ,  or  mqlasse,  on  nvbich  the  Umoston^ 
in  this  pftrt  of  Sayoy  reposes^  or  which  is  snbordliuUe  to  ibe 
limestone,  is  composed  of  smaUiahgiaiDS  of  qoorta  and  cUorito, 
pretty  eqnallj  mixed.  In  the  sandstone  of  les  Echelles^  wUeb 
I  got  from  its  junction  with  the  limestone,  there  were  lome  paiv* 
tides  of  rose  qnartz  nod  mica.  It  scnAched  gbus  strongly  when 
mbbed  upon  it ;  but  when  put  into  a  dilate  muriatic  add,  it 
effervesced  violently,  and  bocame  friable,  owing  to  the  solution 
of  the  calcareous  cement  by  which  it  ai^peaM,  from  this  expie^ 
Timent,  to  be  agglutinated.  The  moUsse^  which  is  Intemtm- 
tified  with  limestone  and  nsiociated .  with  coal  on  the  lake  fif 

• 

Annecy,  also  effervesced  j  but  the  particles  being  smaller^  it 
appeared  nearly  homogeneous  when  examined  without  a  lens. 
It  has  been  recently  stated,  that  the  molasse  of  the  Alps  belongs 
to  the  same  formation  as  the  sandstone  above  chalk  near  Paris. 
There  may  be  sandstone  of  that  formation  in  the  canton  of 
Berne ;  but  the  moUsse  or  sandstone  in  this  part  of  Savoy,  I  am 
well  convinced,  is  a  member  of  formations  that  are  lower  than 
dudk.  It  is  possible,  however,  that  beds  of  this  molasso  «iay 
have  been  worn  down  during  the  great  destruction  of  the  strata^ 
that  has  evidently  taken  place  since  they  were  deposited,  and 
from  the  debris  of  this  sandatone,  upper  beds  may  have  beOa 
formed  covering  strata  that  are  above  chalk.  The  molasse  which 
covers  the  bones  and  teeth,  ypf  the  mastodon  and  other  large 
mammalia  near  Alpnach,  neariy  resembles  that  in  this  part  of 
Savoy ;  but  the  partldes  are  smaller,  and  more  intimately 
1."— P.  176. 


Hr  TtMrtAET  MSATA.  SOS 

But  w6ba?6  yet  no  decfaive  proofs  that  tke  lig^ 
nite  of  Alpnach  doe»  not  belong  to  4he  oolitic  series, 
BB  the  beds  of  limestone  oyer  it;  v^emble  the  Jnra 
limestone :  ahoirid  this  ultimately  prove  to  be  Ihe 
fkct,  we  should  have  another  instance^  like  that  of 
Stonesfield^  of  the  bones  of  mammiferous  animals 
occurring  in  stvafa  below  ehalk  *. 

In  Fruice  near  d*Auteuil  and  south  of  the  Dor- 
dogne^  according  to  Humboldt^  bones  of  vertfebrated 
land  animals  are  found  in  a  formation  resting*  on 
chalky  analogous  to  the  {Aistie  elayi  Baron  Cuvier 
says^  however^  that  he  has  not  discovered  the  bones 
of  land  quadrupeds  in  any  strata  below  thecdUiiire 
grM9kr  which  covers  the  plastic  day.  But  neStba* 
the  plastic  day  nor  the  gypsum  beds  of  Paris^  '6an 
be  taken  as  types  of  the  tertiary  strata  in  other 
countries. 

The  London  day  is  pliiced  over  the  plastic  day 
and  sand^  and  is  in  fiictan  upper  member  of  the  great 
arenaceous  and  argillaceous  formation^  that  covers 
clifialk.  Some  geologists  attempt  to  identify  the 
liondon  chy  with  the  beds  of  calcaire  grossier, 
and  of  gypsum,  in  the  Paris  basin,  but  their  mi- 
neral characters  are  essentially  different.  The 
London  clay  is  composed  of  dark  blue  or  brown 
argillaceous  beds,  suitable  for  brick  earth ;  and  the 
small  quantity  of  calcareous  earth  or  of  selenite 
that  sometimes  occurs  in  it,  no  more  identifies  it  with 
the  light  limestone  strata  of  the  calcaire  grdssier, 

*  Specimens  of  the  strata  above  the  coal  of  Alpnach  were 
presented  me  bj  Professor  Meissner  of  Beine^  and  are  described 
in  the  9d  Tolame  of  mj  Tiwreb,  p.  167. 
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ertbf^'thickbtedsof  g^uid  iDftbe  PariaibMiniidNui 
the.  wooden  docmiwitiii  irbn nailsiof  Si^  I^ul's^tciar 
thedr^)/ wouM;  Mewtify  the  «tone  of  that  bbiMiii§r# 
with,  the  wood  in.  the  sbippiii^  in  the  Thames.  rBjr 
la^emp^ng  to  unite  things  esaentiaUy  diffareni^  i)i 
i^rdeir;  to ,£Arce  ftip, agreement  wi(4»  iartificiaL  dwufr- 
cations^  we  mystify  ivhat  is  clear  .and  siini^eji  an4 
jetard  the  progress,  of  knowle%e«  !  .>  • 

The  iq[>permost  bed  of  the  London  clay  itfof  a 
reddidi  brown  colour^eiid  iS/more^arennqeMis  fehasi 
the  lower  beds ;  the  eoloar  Cif^the  lower  bed3  Muries 
from;  a  bhieish  leeid  colour^  .to  a.blai^i^b .  brown  { 
they  are  often ;  ijonspderably  indurated^  end  hai^e 
somewhat  of  a  «)aty  structure.  «The  thkknesa  of 
the  London  clay  varies  fiom  one  hundred-  to  fipor 
h^«dred  feet  or  q|ore[;';this  variable  thiicl^ius8s..46 
occasioned  by  the  upper  beds  which  form  the  m^r 
&ce  of  the  laqd  in  the  Vale  of  Thames^  having  been 
more  excavated  in  some  parts  than  in  others* 
.  As  the  London  clay  suod ,  |dastic  clay  and  sand> 
taken  together^  equal  or  exceed  in  thickness  the 
beds  of  plastic  clay^  calcaire  grossier^  and  gypsuai 
in  the  Paris  basin^  the  Ix>ndon  clay  may  properly 
be  regarded  not  as  identical  with  the  calcaire  gros«- 
sier  and  gypsum^  but  as  their  geological  eqjuuva- 
lent.  While  the  beds  of  limestone  and  gypsum 
were  depositing  in  the  Paris  basin,  the  London 
day  might  be  deposited  in  the  London  basin ;  and 
this  may  explain  why  many  species  of  marine  sheUs 
in  the  London  clay,  are  similar  to  those  found  in  the 
calcaire  grossier :  but  we  no  where  discover  the 
astonishing  variety  of  species,  that  occur  in  some 
of  the  strata  of  the  calcaire  grossier ;  nor  have  any 
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bones  of  land  qnadrapeds^  similar  to  those  in  the 
Paris  basin^  been  found  in  the  London  clay.  The 
two  sides  of  the  trough  or  basin  ni  which  the  Lon* 
don  clay  and  plastic  clay  were  deposited^  are  formed 
oa  the  norths  by  the  range  of  chalk  hills  in  Hert- 
fonbhire  and  the  adjacent  counties^  and  on  the 
souths  by  the  range  of  chalk  hills  in  Surrey  and 
Kent 

The  relative  geological  position  of  the  chalk,  the 
plastic  clay  and  sand,  immediately  upon  it,  and  the 
upper  bed  of  London  clay  covering  the  Yate  of 
Thames,  is  represented  in  a  small  section  at  the 
bottom  of  the  Map  of  England.  Plate  6.  In  some 
parts  of  the  Yale  of  Thames^  as  at  Hampstead  north 
of  liondon,  and  near  Cobham  in  Surrey,  the  Lon<^ 
doo  clay  rises  into  hills  three  hundred  feet  above 
the  Yale  of  Thames,  and  is  capped  by  a  bed  of 
aand^  which  has  received  the  name  of  the  upper 
inarine  sand.  a.  a.  chalk,  b.  b.  j^astic  clay,  e.  c: 
London  clay,  d.  d.  marine  sandstone.  From  this 
anall  section,  the  geological  student  may  form  some 
idea  of  the  devastating  effects  of  mighty  inunda- 
tions, which  have  swept  over  the  surface  of  the 
globe,  and  carried  away  considerable  portions  of 
the  upper  beds.  The  marine  sandstone  d.  d.  which 
forms  isolated  caps  on  several  of  the  hills  in  the  Yale 
of  Thames,  was  doubtless  part  of  one  continuous 
bed  which  has  been  excavated  with  a  portion  of 
the  subjacent  London  clay ;  such  excavations  and 
denudations,  are  common  phenomena  in  almost 
every  country. 

Balls  of  imperfect  ironstone,  (called  septaria^)  of 
which  Parker's  cement  is  made,  are  common  in 
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some  parts  of  the  London  clay ;  branches  and  stefluf 
of  trees^  penetmted  hy  theTeredonavalia,  are  found 
in  it,  and.a  species  of  resin,  to  which  the  name  of 
retinaspkaltum  was  given  by  Mr*  Hatchett    Re-* 
mains  of  turtles  and  crocodiles  have,  been  dug  oot 
of  this  clay  at  Highgate  and  Islington^    The  teeth 
and  (nsks  of  elephants  have  been,  discovered  in 
many  situations,  in  what  is  supposed  to  have .  been 
London  clay,  but  which  may  have  been  a  covieoing 
of  diluvial  clay,  for  the  patches  of  diluvial'  gcavel 
that  are  spread  over  many  parts  of  the  Vale  of 
Thanhs,  frequently  contain  the  remains,  of  ele- 
phants .*.     Ammonites  and  belemnites,  and  many 
genera  of  testaceous  animals,  that  have  left  their 
remains  in  chalk  and  the  lower  strata,,  appear  to 
have  been  extinct  before  the  deposition  of  tha  Lgm^ 
den  elay«   Nautilites  are  however  found  in  it,  siml-f 
kur  to  the  species  inhabiting  the  Indian  Ocean,!  and 
bivalve  and  univalve  shells  are  so.  numerous,:  that  it 
would  be  difficult  to  select  any  particular  spedes,  as 
peculiarly,  characteristic  of  this .  formation.    The 
shells,  mostly  belong  to  genera  inhabiting  our  pre- 
sent .seas ;  yet  slight  variations  of  form  may  seme-? 
times  be  perceived,  which  have  indnced  naturalists 
to  regard  them  as  distinct  from. living  species.  We 
should  however  bear  in  mind,  that  we  know  little 
or  nothing  respecting  the  habits  of  testaceous  ani-* 
Biak>  or  the  changes  produced  in  the  shell,  by  dif^ 
ference  of  age  or  situation ;  therefore^  to  pronounce 
that  shells  are  of  different  species,  from  those:  in  the 

*^In  clearing  awaj  the  bed  of  gravel  on  the  north  side  of 
the  Regent's  Park,  the  tusks  of  elephants  were  found^  but  in  a 
Aiouldering  state,  In  181S. 
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present  seas^  oti  account  of  some  slight  variation  of 
ibrm^  is  scarcely  more  wise^  tban  it  would  be  to 
ckns  individual  men  as  different  species^  on  account 
of  the  different  forms  of  their  noses.  Cabinet  phi- 
losopher^ hovrever^  who^  except  for  a  few  weeks  in 
summer^  rarely  travel  beyond  their  museums;  may 
sometimes  attach  more  inipoi'tance  to  the  minute 
differeilce  of  form  in  a  fossil  shelly  than  to  the  struc* 
ture  of  a  range  of  mountains^ 

The  springs  that  rise  in  the  London  day,  are 
g^ierally  iropHegnated  with  sulphate  of  iron  and 
sulphate  of  lime,  and  dome  of  the  springs  contain 
sulphate  of  magnesia;  the  quality  of  the  /vmter^ 
however,  varies  much  in  different  situations,  and 
at  different  depths.  To  obtain  soft  water,  it  is  ne* 
cessary  to  bore  or  sink  through  the  Lcmdon  clay  .to 
the  sand  above  the  chalk,  aad  sometimes  into  the 
ehalk  itself*.  The  Liondon  clay,,  anil  the  under 
beds  have  been  perforated  to  the  depth  of  three  or 
four  hundred  foet  in  some  situations,  before  good 

^  At  the  village  of  Wilsden,  three  miles  north-west  of  Loik 
doD,  the  boring  for  water  was  made  two  handred  and  eighty  feet 
into  the  claj^  and  seventj.five  feet  below  it  into  the  chalky  when 
the  water  immediately  rose  to  within  thirtj.five  feet  of  the  Bar- 
face.  Chalk  rocks,  and  other  calcareous  rocks  in  which  the 
strata  are  divided  by  fissnres  that  are  not  filled  with  clay,  always 
contain  water  in  the  fissures  when  the  strata  dip  under  the  snr. 
face  of  the  ground,  or  nHien  they  are  covered  by  argiiiaceotti 
beds.  Tliis  is  also  the  case  with  coal  strata,  and  the  presence 
of  water  is  necessary  to  keep  the  coal  in  good  condition.  If  the 
water  be  entirely  dnuned  from  a  bed  of  coal  a  considerable  time 
before  it  is  worked,  the  quality  of  the  coal  is  much  deteriorated. 
Tins  may  be  occasioned,  by  air  penetrating  the  fissures  and  pro- 
voting  the  decompositioa  of  pyrites  io  the  coal. 

X2 
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water  could  be  obtained ;  when  the  stratum  19 
pierced  which  holds  the  best  water^  it  rises  almost 
immediately,  and  sometimes  overflows  the  surface. 
This  admits  of  an  easy  explanation  by  referring  to 
the  section  of  the  Vale  of  Thames.  Plate  6.  The 
water  which  enters  the  edges,  of  the  porous  strata, 
say  at  x.  x.  descends  to  the  lowest  part  of  the  trough 
or  basin,  and  when  perforated  would  rise  to  near 
the  level  of  x.  x.  were  the  strata  deposited  in  a 
basin,  the  edges  of  which  rose  on  each  side  from  the 
bottom  of  the  Vale  of  Thames ;  but  the  strata  are 
deposited  in  a  longitudinal  trough  between  the 
chalk  hills  of  Hertfordshire  and  Surrey,  so  that  the 
river  Thames  cuts  through  the  porous  edges  of  the 
strata  below  Greenwich,  and  the  water  being  there 
let  out,  it  can  seldom  rise  much  above  the  high 
water  mark.  Were  it  not  for  this,  we  might  have 
natural  jefo  d*eau  of  considerable  height  and  magni* 
tude  in  all  the  squares  of  London,  to  cool  and  re- 
fresh the  air  during  the  summer  months,  and  sup- 
ply the  inhabitants  in  the  vicinity  with  salubrious 
water.  In  order  to  preserve  the  water  pure,  that 
is  obtained  from  chalk  or  the  sand  over  chalk,  it  is 
necessary  to  line  the  inside  of  wells,  or  to  put  down 
tubes,  to  prevent  the  water  from  the  London  clay, 
intermixing  with  the  pure  water  from  below. 

Le  calcaire  grossier,  or  coarse  limestone  of  Paris, 
is  deposited  upon  the  plastic  clay,  as  the  latter  is 
upon  the  subjacent  chalk :  between  the  plastic  day, 
however,  and  th^  calcaire  grossier,  there  is  a  bed 
of  sand,  but  geologists  are  not  determined,  to  which 
of  the  two  formations  it  belongs.  The  calcaire 
grassier  differs  in  its  quality  in  the  different  beds,. 
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but  it  may  be  described  generally  as  a  yellowish 
earthy  limestone^  which  bears  some  resemblance  to 
Portland  stone  in  its  fracture^  texture,  and  colour; 
but  it  is  not  oolitic.  The  strata  of  limestone  alter* 
nate  with  argillaceous  marie  and  shale,  and  with 
calcareous  marie. 

The  lowest  bed  of  cakaire  grossier  is  soft,  and 
much  intermixed  with  green  particles  and  sand; 
it  contains  a  great  number  of  the  fossils,  called 
nummulites,  on  account  of  their  being  flat  and 
round,  and  resembling  in  shape  a  small  coin.  The 
shells  in  this  bed  are  in  high  preser^-ation.  In  the ' 
beds  immediately  above,  called  the  middle  beds^ 
there  are  a  prodigious  number  of  marine  shells,  and 
also  the  stems  and  impressions  of  leaves  of  plants, 
that  are  not  marine.  In  the  lowest  and  middle' 
beds  of  the  calcaire  grossier,  no  less  than  six  hun- 
dred different  species  of  shells  are  found. 

In  the  upper  part  of  the  calcaire  grossier,  the 
strata  are  several  feet  thick,  and  yield  a  hard  coarse 
grained  and  durable  limestone ;  it  is  from  these 
strata  that  the  best  building-stone  is  procured.  It 
is  often  nearly  filled  with  shells  of  the  genus  cm- 
thiumy  and  has  hence  been  sometimes  called  ca/caire 
^  cerites. 

Between  the  strata  of  building-stone,  there  often 
occur  thin  strata  of  flint  or  chert ;  in  some  parts 
these  siliceous  strata  enlarge  into  thick  beds  of 
chert  (silex  camd),  or  into  beds  of  sandstone  con- 
taining marine  shells ;  in  the  beds  of  this  sand- 
stone at  Pierrelaie,  freshwater  shells  have  been 
discovered,  mixed  with  numerous  marine  shells. 


SIO  PARK  LIMESIMB* 

The  total  thickness  of  the  beds  of  caleaire  grassier 
near  Paris^  k  about  ninety  feet. 

No  beds  of  limestone  resembling^  the  caleaire 
grassier  of  Paris^  are  found  in  the  '^tertiary  strata 
of  England.  The  caleaire  grassier  in  the  depart- 
ments  of  La  Dordogne  and  La  Gironde  and  other 
parts  of  France,  presents  a  considerable  difference 
from  that  in  the  Paris  basin.  In  Hungary,  exten* 
sive  strata  of  the  caleaire  grassier  have  been  de« 
scribed  by  M.  Beudant ;  they  are  in  every  respect 
analogous  to  the  strata  in  the  Paris  basin^  both  in 
their  mineral  and  zoological  characters.  The  lower 
beds  also  are  intermixed  with  shelly  sand,  and 
green  particles^  which  bear  a  close  resemblance  to 
the  shelly  depositions  in  the  plain  of  Lombardy. 
M.  Huitiboldt  thinks  he '  discovered  a  formation 
similar  to  the  caleaire  grassier  in  some  parts  of 
South  An\erica. 

'Caleaire  siliceux  is  composed  of  limestone,  some- 
times gray  and  compact,  and  sometimes  tender^and 
white  :  it  is  penetrated  by  silex  in  every  direction^ 
and  in  all  its  parts ;  according  to  M.  Brongniart,  the 
caleaire  siliceux  occupies  the  place  of  the  caleaire 
grassier;  others  regard  it  as  an  upper  formation. 
Some  of  the  beds  of  the  caleaire  sUiceux  furnish 
mill-stoned,  and  contain  river  shells.  In  this  bed, 
the  siUciate  of  magnesia  was  discovered  by  M. 
Brongniart.  The 'siliceous  infiltrations  sometimes 
form  plates  of  chalcedony  and  mammillated  con- 
cretions of  chalcedonic  chert^  coloured  red,  violet, 
and  brown. 

GypseatLs  Marie  BXiA  Gypsum. — This  remarkable 
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foi^mldton  occurs  in  deULched  bills  along  the  coarse 
of  tilt  rivers  Mame  and  tbe  Seine ;  it  is  supposed 
to  have  orig;inaIly  extended,  as  one  eantinuous  bed 
from  east  to  west;  twenty^^five  leagues  in  length  and 
eight  in  breadth.;  its  greatest  thickness  is  about  two 
hundred  feet. 

The  gypsum  formation  consists  of  aUernating 
beds  of  gypsum  and  argillaceous  and  calcareous 
marie,  which  are  regularly  arranged,  and  preserve 
the  same  order  of  succession  wherever  they  have 
been  examined.  The  gypsum  forms  three  distinct 
masses.  The  lowest  consirts  of  ihin  strata  of  gyp- 
sum containing  crystals  of  selenite,  which  alternate 
with  strata  of  solid  calcareous  marie,  and  with  ar- 
gillaceous shale.  The  middle  is  like  the  lowest 
^lass,  except  that  the  strata  of  gypsum  are  thicker, 
and  the  beds  of  marie  are  ^not  so  numerous  ;  it  is 
chiefly  in  this  mass  that  fossil  fish  are  found.  The 
uppermost  mass  is  the  most  remarkable  and  impor- 
tant of  all,  it  is  in  some  parts  more  than  seventy  feet 
thick;  there  are  but  few  beds  of  marie  in  it;  the 
lower  strata  in  this  mass  Imye  a  prismatic  or  co- 
lumnar structure :  the  gypsum  is  pure  and  finely 
granular;  it  has  a  light  yeltowish  brown  colour, 
which  might  perhaps  more  properly  be  called  a 
dirty  white.  In  this  upper  mass  of  gypsum  the 
skeletons  and  scattered  bones  of  birds  and  unknown 
quadrupeds  are  discovered;  sometimes  they  are 
found  in  the  solid  gypsum,  and  sometimes  in  the 
marie  that  separates  the  beds.  Remains  of  turtles 
and  crocodiles  have  also  been  found  in  the  same 
strata.  It  is  to  the  indefatigable  and  enlightened 
labours  of  Baron  Cuvier  that  we  are  indebted  for  a 
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knowledge  of  the  different  genera  of  remarkable 
land  quadrupeds^  belonging  to  a  former  worlds  found 
in  the  gypsum  quarries ;  they  differ  from  any  genera 
of  living  animals.  These  land  quadrupeds  were 
herbivorous^  they  belong  to  the  order  which  Guvier 
has  denominated  Pachydermata  or  thick-skinned 
non-ruminant  animals*  One  of  the  genera  called 
Palaotherium  (or  ancient  animal)^  appears  to  bear 
some  relation  to  the  rhinoceros^  the  hippopotamus^ 
and  horse^  and  in  some  respects  to  the  pig  and  the 
camel. 

Of  this  genus  there  are  eleven  or  twelve  species ; 
five  of  them  have  been  found  in  the  Paris  gypsum. 
The  largest  was  of  the  size  of  a  horse,  but  its  form 
was  heavy^  and  its  legs  thick  and  short ;  its  grinders 
resemble  those  of  the  rhinoceros^  and  the  daman  *; 
it  had  six  incisive,  and  two  canine  teeth  like  the 
tapir,  and  like  that  animal,  had  a  short  fleshy  trunk: 
it  had  three  toes  on  each  foot,  and  is  supposed  to 
have  inhabited  marshy  ground,  and  to  have  lived 
on  the  roots  and  stems  of  succulent  marsh  plants. 
One  of  the  species,  however,  possessed  the  size  and 
the  light  figure  of  the  antelope,  and  is  supposed  to 
have  browsed  on  aromatic  plants,  or  the  buds  of 
young  trees  in  dry  situations,  like  other  light  herbi- 
vorous animals.  Probably, says  Cuvier,  it  was  a  timid 
animal  with  large  moveable  ears  like  those  of  the 
deer,  which  could  apprise  it  of  the  least  danger : 
doubtless  its  skin  was  covered  with  short  hair ;  and 


*  An  African  quadruped,  the  size  of  a  rabbit,  but  closely  re* 
sembliog  the  rhinoceros. 
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Ife  only  want  to  know  its  colour^  in  order  to  paint 
it  as  it  formerly  lived  in  the  country^  where^  after 
so  many  ages^  its  bones  have  been  dug;  up. 

One  species  of  the  ptdaotherium  was  not  larger 
than  a  hare. 

The  Anoplotherium,  or  animal  without  defensive 
teeth^  has  only  been  found  in  the  gypsum  quarries . 
near  Paris.  It  has  two  very  distinctive  characters: 
the  feet  have  only  two  toes^  which  are  separated 
the  whole  length  of  the  foot ;  the  teeth,  of  which 
there  are  six  incisive  in  each  jaw^  a  canine  tooth  of 
the  same  height,  and  six  molares  or  grinders,  all 
form  a  continued  series  without  any  interval,  whtdi 
is  the  case  with  no  other  known  quadruped.  The 
most  common  species  is  of  the  height  of  a  boar,  but 
much  longer.  There  are  remains  of  other  animals, 
in  the  same  quarries,  allied  to  the  anoplotherium, 
but  which  differ  in  the  form  of  their  teeth.  The 
bones  of  six  species  of  birds  have  been  discovered 
in  these  quarries,  and  also  the  remains  of  a  few 
carnivorous  animals  allied  to  the  dog  and  the  weasel. 
It  is  remarkable,  that  in  the  middle  of  the  gypsum 
formation,  and  throughout  the  greater  part  of  it, 
we  find  the  remains  of  land  animals  and  of  fresh* 
water  fish  and  shells ;  but  near  its  upper  and  lower 
limits,  both  in  the  gypsum  and  the  marlci  the  fossils 
are  those  of  marine  animals.  A  bed  of  green 
marie,  which  may  be  very  distinctly  traced  near  the 
termination  of  the  upper  mass  of  gypsum,  separates 
the  freshwater  from  the  sea  shells;  and  in  the  lower 
part  of  the  gypsum  formation,  marine  shells  are 
found  in  the  gypsum  itself. 

It  may  be  useful  to  those  strangers  who  visit. 
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Montmnrtre  for  the  first  time,  tostieite,  that  this  thifl 
green  bed,  ^hich  can  be  distinctly  seen  and  traced, 
may  serve  them  as  a  key  to  thegeology  of  the  place ; 
as  it  separates  aU  the  lower  marine  and  freshwater 
formations  from  the  upper. 

The  gypsum  of  the  Paris  basin  was  probably  de- 
posited in  an  extensile  lake,  on  the  borders  of  which 
the  land  animals,  whose  remains  are  discovered  in 
it,  flourished  and  perished.  Some  of  them  appear 
to  be  formed  for  swimming  or  living  much  in  the 
water,  like  the  otter  or  water-rat.  Whether  the 
water  in  this  lake  was  salt  or  fresh  is  by  no  means 
certain,  though  M.  Brongniart  thinks  that  a  single 
freshwater  shell  found  in  the  gypsum  woulddecide 
the  question :  but  this  opinion,  however  high  the 
authority  of  so  distinguished  a  naturalist  and  geo- 
logist may  be,  cannot  I  conceive  be  maintained;  for 
in  some  of  the  beds,  we  meet  with  a  mixture  of  ma* 
rine  and  freshvmter  shells,— «nd  in  this  case  who 
shall  determine,  whether  such  beds  are  of  marine 
or  freshwater  origin  P  The  intermixture  of  shdis 
dearly  shows,  that  they  have  been  transported  from 
^eir  native  situations,  or  that  marine  and  fresh- 
water moluscm  may  live  in  the  same  estuary  or  lake, 
rf  the  water  be  bradcish,  which  is  confirmed  by 
recent  observations  and  experiments. 

The  fossil  bones  found  in  the  gypsum  quarries 
near  Paris,  are  light  and  porous,  and  appear  to  have 
been  scarcely  penetrated  by  gypsum  :  this  is  very 
remarkable ;  for  if  we  si^pdse  the  gypsum  to  have 
been  held  in  solution  by  water,  like  the  sulphate  of 
lime  in  recent  springs,  it  seems  extraordinary  that 
it  should  not  have  penetrated  into  the  pores  of  the 
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bones;  I  am  not  aware  that  the;  cirbumstance  has 
before  been  noticed  by  g^eolo^sts^  but  I  think  the 
state  of  the  bones  proTes^  that  they  were  rapidly 
enveloped  by  the  gypsum^  before  the  animal  matter 
in  the  pores  was  decomposed,  and  also  that  the 
gypsum  was  speedily  consolidated.  The  same  ob- 
servation would  apply  to  the  bones  of  land  animals 
I  found  in  the  freshwater  limestone,  under  the  voU 
canic  moantain  of  Gergovia  in  Auvergne;  the  state 
of  these  bones  was  similar  to  those  in  the  Paris 
gypsum. 

Baron  Cuvier  was  the  first  naturalist  who  applied 
the  knowledge^f  compairative  anatomy,  to  ascertain 
the  forms  of  vertebrated  fossil  animals.  The  pub- 
lication of  l;uiRecherche8  but  lea  Ossemens  FossUes, 
may  be  regarded  as  an  epoch  in  geology:  since 
that  time  many  other  important  discoveries  respect- 
ing fbssil  quadrupeds  have  been  made.  It  will  not 
tberefove  be  deemed  irrelevant  to  our  subject,  to 
insert  the  very  interesting  account  he  ^as  given  of 
Ina  own  feelings,  when  he  first  became  able  to  ar- 
range the  bones  of  each  genus  and  species  of  un- 
known animals,  found  in  the  gypsum  quarries  near 
Paris.  ''  When  the  sight  of  some  bones  of  the  bear 
and  the  elephant,  twelve  years  ago  inspired  me  with 
the  idea  of  applying  the  general  laws  of  compara- 
tive anatomy,  to  the  reconstruction  and  the  discovery 
of  fossil  species ;  when  I  began  to  perceive  that 
these  species  were  not  perfectly  represented  by 
those  of  our  day  which  resembled  them  the  most; — 
I  did  not  suspect,  that  I  was^very  day  treading  upon 
a  soil,  filled  with  remains  more  extraordinary  than 
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any. thai  I  had  yet  seen;  nor  that  I  was  destined  to 
bring  to  light  whole  genera  of  animals^  unknown  to 
the  present  worlds  and  buried  for  incalculable  ages 
at  vast  depths  under  the  earth.  It  was  to  Mr. 
Veurin  that  I  owe  the  first  indications  of  these 
bones  furnished  by  our  quarries  :  some  fragments 
which  he  brought  me  one  day^  having  struck  me 
with  astonishment^  I  made  inquiries  respecting  the 
persons  to  whom  this  industrious  collector  had  sent 
any  formerly :  what  I  saw  in  these  collections^  served 
to  excite  my  hopes  and  increase  my  curiosity. 
Causing  search  to  be  made  at  that  time  for  such 
bones  in  all  the  quarries^  and  offering  rewards  to 
arouse  the  attention-  of  the  workmen^  I  collected  a 
greater  number  than  any  person  who  had  preceded 
me.  After  some  years  I  was  sufficiently  rich  in 
materials  to  have  nothing  further  to  desire ;  but  it 
yms  otherwise  with  respect  to  their  arrangement  and 
the  construction  of  the  skeletons^  which  alone  could 
conduct  me  to  a  just  knowledge  of  the  species. 
From  the  first  moment  I  perceived^  that  there  were 
many  different  species  in  our  quarries ;  and  soon 
afterwards^  that  they  belonged  to  various  genera^  and 
that  the  species  of  the  different  genera  were  often 
of  the  same  size;  so  that  the  size  alone^  rather  con- 
fused, than  assisted  my  arrangement  I  was  in  the 
situation  of  a  man  who  had  given  to  him  pile-mile 
the  mutilated  and  incomplete  fragments  of  a  hun- 
dred skeletons^  belonging  to  twenty  sorts  of  animals^ 
and  it  was  required  that  each  bone  should  be  joined 
to  that  which  it  belonged  to.  It  was  a  resurrection 
in  miniature ;  but  the  immutable  laws  prescribed  to 
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livinf^  beings  were  my  directors*.  At  the  voice  of 
comparative  anatomy^  each  bone^  each  fragment 
regained  its  place.  I  have  no  expressions  to  de^ 
scribe  the  pleasure  experienced^  in  perceiving  that 
as  I  discovered  one  character^  all  the  consequences 
more  or  less  foreseen  of  this  character^  were  suc^ 
cessively  developed.  The  feet  were  conformable 
to  what  the  teeth  had  announced^  and  the  teeth  to 
the  feet ;  the  bones  of  the  legs  and  the  thighs^  and 
every  thing  that  ought  to  reunite  these  two  extreme 
parts^  were  conformable  to  each  other.  In  one  word^ 
each  of  the  species  sprung  up  from  one  of  its  ele- 
ments. Those  who  will  have  the  patience  to  follow 
me  in  these  memoirs^  may  form  some  idea  of  the 
sensations  which  I  experienced,  in  thus  restoring 
by  degrees,  these  ancient  monuments  of  mighty  re^ 
I  ■  ■  ■  i<   .11   «— ^— ^«  1 1  ■»—     1 11 1 II I  I  ■  I  ■ ■  ■  ^  I  ■  I  <i  1 1 1 1 1  II 

*  In  the  followin^r  passage  Cufier  has  more  fully  explained 
what  he  denominates  ^^  the  immutahle  laws  prescribed  to  Imng 
beings."  ^^  Every  organized  being  forms  a  whole  and  entire 
system,  of  which  all  the  parts  mutually  correspond  and  co-ope* 
rate,  to  produce  the  same  definite  action,  by  a  reciprocal  reac- 
tion ;  none  of  these  parts  can  change,  without  a  change  of  the 
others  also.  Thns  if  the  intestines  of  an  animal  are  organized 
in  a  manner  only  to  digest  fresh  flesh,  it  is  necessary  that  bis 
jaws  should  be  constructed  to  devour  the  prey,  his  claws  to 
seize  and  tear  it,  his  teeth  to  divide  the  flesh,  and  the  whole 
system  of  his  organs  of  motion  to  follow  and  overtake  it,  and 
of  his  organs  of  sense,  to  perceive  it  at  a  distance.  It  is  neces. 
•ary  also  that  he  should  have  seated  in  his  brain,  the  instinct  to 
hide  liimself  and  spread  snares  for  his  victim  :  such  are  the  ge<b 
neral  conditions  of  a  carnivorous  regimen ;  eTery  carnivorous 
animal  must  infallibly  unite  them, — ^without  them  the  species 
could  not  subsist*  But  under  these  general  conditions,  there 
are  particular  ones  with  respect  to  the  size  of  the  species  and 
the  abodei  of  the  prey,  for  which  each  animal  is  disposed*" 
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volutions.  This  volume  will  afford  much  interest  to 
naturalists^  indepeodent  of  geology,  showing  them 
by  multiplied  examples;  the  strictness  of  the  laws 
of  co-existence,  which  elevate  zo^gy  to  the  rank 
of  the  rational  sciences ;  and  which,  leading  us 
to  abandon  the  vain  and  arbitrary  combinations 
that  had  been  decorated  with  the  name  of  systems^ 
will  conduct  us  at  last  to  the  only  study  worthy  of 
our  ^e— to  that  of  the  natural  and  necessary  rela4 
tions,  whieh  connect  togeiher  the  different  paits 
of  all  organized  bodira*  But  geology  wiH  lose 
nothing,  by  this  accesspry  application  of  the  ihcts 
contained  in  this  volume  ;  and  thus  the  numeixMis 
families  of  unknown  beings,  buried  in  the  most 
frequented  part  of  Europe,  offer  a  vast  field  for  me- 
ditation/' 

Upper  Marine  Sandstone  and  Sand.^^ At  Paris 
this  formation  covers  the  gypsum,  or  where  that  is 
wanting,  it  rests  on  the  calcaire  groBsier.  In  En**- 
gland  it  forms  a  few  isolated  caps  on  the  summit  oiF 
the  hills  in  the  Vale  of  Thames,  and  an  extensive 
track  along  the  coast  of  Suffolk  and  Norfolk,  where 
it  rests  sometimes  on  plastic  clay,  and  sometimes  on 
chalk ;  the  intervening  beds  being  wanting.  The 
lowest  bed  is  without  shells ;  it  consists  almost  en-^ 
tirely  of  siliceous  particles,  which  are  sometimes 
agglutinated,  and  form  sandstone.  The  loose 
blocks  of  stone,  (called  gr^ii9e(Aers,)  scattered  over 
some  of  the  southern  counties,  are  of  this  sandstone, 
as  are  also  some  of  the  large  stones  at  Stonehenge^. 

*  In  all  probability  the  ancient  Britoni  took  advantage  of 
finding  a  gronpe  of  large  blocks  of  graywetlien  and  other  dilo* 
vial  stones^  and  Arranged  them  near  the  places  where  they  lay 
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At  the  forest  of  Fontainebleau  in  France^  the  thick- 
ness of  this  sand  and  sandstone^  exceeds  one  bun-i 
dred  and  seventy  feet;  the  sandstone  occurs  in 
loose  blocks  and  irregukr  nuuses,  and  sometimes  is 
distinctly  stratified.  It  is  this  stone^  which  is  used 
for  paving  the  streets  and  roads  in  and  round  Paris ; 
and  the  sand  is  so  pure  in  many  parts  of  this  forest^ 
that  it  is  employed  in  making  the  finest  glass*  The 
marine  sand  on  the  top  of  Hampsbead  Heathy  is  now 
nearly  cleared  away  to  supply  the  metropolis :  it  is 
composed  of  minute  particles  of  quarts^  sometimes 
coloured  with  the  oxide  of  iron  ;  the  particles  when 
examined  with  a  microscope^  appear  to  be  partly 
rounded ;  a  few  microseopic  scales  of  brilliant  mica 
are  sometimes  intermixed  with  it  The  bwer  bed 
of  marme  sandstone  at  Paris  is  without  shells;,  but 
the  upper  bed  contains  numerous  marine  shells^ 
ipany  of  which  resemble  those  in  our  present  seas. 
The  vast  tertiary  track  in  Italy  beiow  the  Apen^ 
nines^  that  contains  the  remains  of  cetaceous 
animals*^  and  extends  from  Asti  in  Piedmont^  to 
Monteleone  in  Calabria^  and  which  has  been  so 
well  described  by  M.  Brocchi^  according  to  M. 
Brongniart^  belongs  in  a  great  part  to  thia  forma^ 
tion/  similar  to  what  covers  the  gypsum  at  Paris^ 

upon  the  plain.  At  Brimah  Craggs  near  Knaresborongh  in 
Yorkshire^  they  have  evidently  availed  themselves  of  the  masses 
of  a  broken  stratum  of  sandstone,  to  form  rocking.stones  and 
various  fantastic  figures,  which  were  probably  the  objects  of  su- 
perstitious veneration. 

*  Cetaceous  animals,  of  the  wliale  family, — such  as  dolpUns^ 
•eal8,the  manati  or  sea^ow,  &c.— «re  warm-blooded  mammife^ 
roos  animals,  and  therefore  belong  to  a  higher  class  than  rep* 
tiles.  Their  bones  have  not  hitherto^  I  believe,  been  found  in 
chalk  or  the  lower  strata. 
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In  no  part  of  England  does  there  occur  any  ex* 
tensive  bed  of  the  upper  marine  sandstone  with 
shells^  (provincially  called  crag);  except  in  the  coun*- 
ties  of  Norfolk^  Suffolk^  and  Essex,  it  is  of  variable 
thickness^  and  is  principally  composed  of  sand  and 
loose  ferruginous  sandstone,  containing  shells  and 
bones,  and  mixed  with  gravel.  In  a  valuable  paper 
on  the  Geology  of  East  Norfolk,  by  Mr.  R.  G. 
Taylor,  published  in  the  Philosophical  Magazine 
and  Annals  of  Philosophy,  April  1827,  and  the  fol- 
lowing Numbers,  there  is  an  interesting  account  of 
the  geological  position  of  the  crag  near  the  coasts 
with  explanatory  sections.  ''  The  crag  rests  in  part 
upon  the  London  clay,  and  a  laminated  clay  without 
fossils,  and  partly  upon  chalk,  occupying  the  lowest 
sites ;  rarely  rising  to  eighty  feet  above  the  present 
level  of  the  sea ;  and  in  general  not  more  than  half 
that  elevation.  The  average  level  of  its  base  may 
be  considered  to  be  about  that  of  the  present  ocean. 
In  certain  cases,  where  the  chalk  hills  attain  a 
higher  level  than  the  crag,  that  deposit  could  only 
be  expected  to  envelop  or  surround  their  sides,  and 
not  to  penetrate  into  the  chalk :  such  eminences 
would  then  present  the  appearance  of  tongues  or 
promontoriesof  chalk,  protruding4nto  the  crag;  and 
this  circumstance  accounts  for  the  occasionally  ap- 
parent  absence  of  that  formation.  But  the  crag  has 
been  subjected  to  abrasion  by  diluvial  currents. 
Portions  of  its  western  edges  have  been  swept  away. 
Their  fragments,  mingled  with  those  of  chalk  and 
preceding  formations,  piled  in  enormous  heaps,  form 
the  cliffs  of  Gromer  and  Trimingham,  250  or  300 
feet  in  thickness,  upon  the  original  crag,  which  rests 
in  situ  at  theirbase.'' — No.  4,  (New  Series,)  p.  288. 
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The  crag  is  in  m^y  parts  covered  by  a  tliick  mass 
of  dihivium,  which  prerento  its  extension  &r  inland 
from  being  observed ;  but  the  most  remarkable  cir^ 
eumstance  noticed  by  M r.Taybr^  is  the  connection 
which  seems  to  subsist  between  the  upper  surface 
of  the  crag^  and  an  **  apparently  continuous  bed  of 
vegetable  substances^  with  which  the  crag  is  fre- 
quently in  contact^  at  an  irregular  elfsvation ;  some-* 
times  above^  and  sometimes  below  the  low  water 
mark.  At  some  points  this  bed  consists  of  forest 
peat^  containing  fir  cones^  and  fragments  of  bones^ 
and  in  others  of  woody  clay ;  and  elsewhere  of 
large  stools  of  trees^  standing  thickly  together^  the 
stems  appearing  to  have  been  broken  off  about  16 
inches  from  their  base.  They  are  evidently  rooted 
in  the  day  or  sandy  bed  in  which  they  originatty 
grew^  and  their  stems  and  branches  lie  around  them^ 
flattened  by  the  pressure  of  from  30  to  300  feet  qf 
dHuvial  deposits.  It  is  not  possible  to  say  how  far 
inland  this  subterranean  forest  extends;  but  that  it 
is  not  a  mere  external  belt  is  obvious^  from  the  con-- 
itant  exposure  and  removal  of  new  portions^  at  the 
base  of  the  cliffs/^  This  fact,  mentioned  by  Mr. 
Taylor,  is  highly  deserving  notice ;  as  it  is  evident^ 
that  we  have  here  one  of  those  extensive  lignite 
formations  in  or  over  tertiary  sand  and  sandstone^ 
to  which  continental  geologists  give  the  name  of 
grea  h  lignites :  it  further  appears  to  point  out  the 
geok^cat  relation  of  the  crag  with  the  upper 
beds  of  mohsse  in  Switzeriand ; .  and  what  i^  stiD 
more  important,  it  gives  us  the  true  geological  po-> 
sition  of  the  subterranean  forest,  that  extends  in 
the  eastern  side  of  England  into  Yorkshire^  and  to 
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which  I  shall  refer  again  in  a  subsequent  chapter 
The  fossils  in  the  crag  are  not  mineralized ;  many 
of  them  appear  to  belong  to  species  living  in  the 
present  seas.  The  general  characters  of  the  crag 
are  ably  given  by  Mr.  Taylor.  ^'A  district^  bordering 
a  hundred  miles  upon  our  eastern  coasts  is  occupied 
by  an  ancient  marine  deposit^  continually  changing 
its  aspect^  yet  constant  in  its  peculiar  characters^ 
and  always  to  be  understood  by  unerring  data :  now 
appearing  as  a  ferruginous  sandstone^  then  in  com- 
pact clay^  and  again  considerably  indurated ;  some- 
times blended  in  a  mass  of  extinct  zoophytes^ 
sponges  and  alcyonites^  forming  a  soft  rock ;  oftener 
an  irregularly  accumulated  mass  of  decomposed  and 
broken  littoral  shells^  loosely  imbedded  in  sand  like 
an  ordinary  sea  beach^  yet  accompanied  with  the  re* 
mains  of  unknown  animals.  Sometimes  forming  the 
substratum  of  a  considerable  area ;  or^  overwhelmed 
beneath  the  debris  of  older  strata^  only  detected  at 
intervals.  At  one  point  exhibiting  groups  of  shell 
fish  allied  to  those  of  the  neighbouring  sea ;  and  at 
another^  composed  of  numerous  genera^  which  are 
neither  to  be  recogpiised  living  in  any  part  of  our 
globe^  nor  assimilating  to  the  fossil  shells  of  other 
formations.'' — Phil.  Mag.  page  860. 

A  small  portion  of  the  upper  marine  formation 
occurs  in  the  Isle  of  Wight  and  the  opposite  coast 
of  Hampshire. 

Upper  Freshwater  Limestone, — This  formation, 
though  extensively  spread  over  many  parts  of  the 
ootttinent,  is  scarcely  known  in  England :  it  occurs 
in  the  Isle  of  Wight.  In  the  Paris  basin  it  covers 
all  the  other  tertiary  strata,  and  is  itself  covered 
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with  vegetable  soil.  Below  the  freshwater  iime-- 
stone  there  is  sometimes  a  bed  of  sand^  intermixed 
with  greenish  or  reddish  earthy  and  millstone :  the 
upper  part  of  the  freshwater  limestone  also  becomes 
intermixed  with  siliceous  earthy  and  passes  into  mill- 
stone. 

This  millstone  has  generally  a  reddish  or  yellow- 
ish colour^  but  that  of  the  best  quality  is  white  ;  it 
is  penetrated  by  a  multitude  of  irregular  cavities^ 
in  which  there  are  numerous  siliceous  filaments: 
these  cavities  are  lined  with  an  ochreous  coat^  but 
are  sometimes  fil}ed  with  argillaceous  earth  or  sand ; 
they  do  not  communicate  with  each  other:  the  sub-^ 
•stance  of  the  milktone,  when  unmixed^  is  pure  silex. 
All  the  best  millstones  in  England  are  brought  from 
France^  and  are  known  by  the  name  of  Burrh 
stones. 

Freshwater  limestone  in  the  vicinity  of  Paris^  has 
generally  a  grayish  white^  or  a  yellowish  colour;  it 
IS  sometimes  as  tender  as  chalky  and  sometimes 
hard  and  compact^  with  a  fine  grain  and  conchoidal 
fracture  :  in  the  latter  state  it  is  brittle^  and  breaks 
into  sharp-edged  fragments  like  flint.  Some  of  this 
limestone^  particularly  that  of  Chateau  Landon^ 
presents  the  character  of  a  transition  marble,  and 
will  receive  a  fine  polish.  Several  of  the  basins 
with  jets  d'eau  in  the  gardens  of  the  Thuilleries 
are  made  of  this  marble.  Many  of  the  harder  firesh* 
water  limestones^  however,  rapidly  disintegrate  on 
exposure  to  air  and  moisture,  and  fell  to  the  state 
of  marie,  and  are  used  as  manure.  This  formation 
is  characterized  by  containing  exclusively  fresh« 
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water  and  land  shells,  siHiihir  to  what  are  found  is 
the  neighbouring  marshes ;  they  belong  to  a  small 
number  of  genera  or  species^  being  chiefly  lyra^ 
nites^  planorbes^  turbinated  shells^  (allied  to  ceri^ 
tMa,)  cyclostoma^  and  helices. 

Freshwater  limestone  occurs  in  many  parts  of 
the  South  of  France ;  in  Auvergne  it  is  covered  by 
a  vast  mass  of  volcanic  tufa  and  basalt :  it  con*- 
tains  bones  of  mammiferoiis  quadrupeds,  together 
with  lymnites  and  freshwater  shells.  The  fresh- 
water limestone  under  Gergovia,  near  Clermont, 
is  distinctly  stratified,  and  presents  the  characters 
of  a  soft  grayish  chalk.  The  upper  freshwater  lime- 
stone, may  be  regarded  as  the  most  recent  rock  for- 
mation of  the  ancient  world. 

For  the  first  accurate  account  of  the  tertiary 
strata,  and  of  the  alternation  of  marine  and  fresh- 
wi^ter  stratain  England,  weare  indebtedtoMr.  Web- 
ster, who  published,  in  the  Snd  volume  of  the  Trans, 
of  the  Geolog.  Society  of  London,  a  very  interesting 
description  of  these  strata  in  the  Isle  of  Wight, 
and  their  connection  with  the  subjacent  chalk.  The 
,  chalk  covered  by  the  London  clay,  passes  under  the 
.channel,  called  the  Solent,  and  rises  in  the  middle 
of  the  island,  forming  a  range  of  hills  which  extends 
from  Culver  Clifis  on  the  east,  to  the  Needles  on  the 
west.  Here  we  meet  with  the  only  remarkable  de- 
rangement of  the  beds  of  chalk,  and  the  superior 
strata,  which  has  been  noticed  in  England.  The 
fStrata  of  litis  range  of  hills  are  thrown  into  a  posi- 
;tion  absolutely  vertical,  evincing  the  action  of  some 
nughty  disturbing  force,  which  can  be  so  often*  ob- 
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s^rrod  to  bav:e  acted  on  the  lower  strata  in  various 
parts  of  the  worlds  and  also  on  the  upper  strata  in 
the  vicinity  of  the  Alps. 

The  whole  thickness  of  the  beds  in  the  Isle  of 
Wight^  which  are  nearly  vertical^  according  to 
Mr.  Webster's  measurement  is  not  less  than  three 
thousand  feet^  including  fourteen  hundred  and 
eighty-one  feet  of  strata  above  the  chalky  about 
nine  hundred  and  eighty-seven  feet  of  chalky  and  five 
or  six  hundred  feet  of  lower  strata.  Further  souths 
the  strata  under  chalk  are  seen  again  in  their  ori- 
ginal horizontal  position ;  and  on  the  northern  side, 
there  are  hills  composed  of  horizontal  strata^  evi- 
dently of  a  formation  posterior  to  the  time  when 
the  chalk  strata  were  overturned.  That  the  latter 
were  once  nearly  horizontal^  may  be  inferred  from 
their  always  occurring  in  that  position  in  the  south- 
em  counties^  and  is  rendered  certain  from  the  fol- 
lowing circumstance  described  by  Mr.  Webster, 
In  one  of  the  vertical  beds  consisting  of  loose  sand^ 
are  several  layers  of  flints^  extending  from  the  bot- 
tom to  the  top  of  the  cliff.  ''These  flints  have 
been  rounded  by  attrition^  are  from  an  inch  to 
e%ht  inches  in  diameter^  and  appear  to  have  be- 
longed to  the  chalk.  Now  it  is  inconceivable  that 
these  flints  could  have  been  originally  deposited  in 
their  present  position  :  they  distinctly  point  out  the 
former  horizontal  direction  of  this  series.  There 
are  no  signs  of  partial  disturbance  in  these  beds ; 
the  whole  appears  therefore  to  have  been  moved 
together.'^  The  enormous  force  required  to  occa- 
sion a  displacement  of  the  strata^  not  only  through 
the  whole  island  but  into  Dorsetshire,  where  it  can 
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be  traced  beyond  Lulworth^  must  have  been  suffi- 
cient to  form  or  destroy  extensive  lakes^  and  per- 
haps to  separate  England  from  the  Continent. 

Close  adjoining  the  vertical  strata  on  the  northern 
side  of  the  island^  occur  a  series  of  horizontal  strata, 
which  are  distinctly  visible  in  a  hill  called  Headon : 
-«-these  strata  consist  of  an  alternating  series  of 
freshwater  and  marine  deposits^  bearing  a  striking 
similarity  in  their  fossil  contents^  to  the  strata  in  the 
vicinity  of  Paris.  According  to  Mr.  Webster^  they 
consist  of 

1 .  A  calcareous  stratum,  containing  only  fresh- 

water shells. — Upper  freshwater . 

2.  Greenish  marie  with  marine  sheik.— -L^per 

marine, 

3.  Marie  with  freshwater  shells.— -Lotoer  fresh" 

water, 

4.  Dai'k  blue  clay  without  shells. — Lower  ma^ 

rine. 
Thus  we  have  over  chalk  four  distinct  forma- 
tions. No.  4.  A  lower  marine  formation,  which 
includes  the  London  clay.  A  lower  freshwater  for- 
mation^ No.  3.  The  strata  of  this  formation  con- 
sist of  sandy,  calcareous,  and  argillaceous  marie ; 
some  of  them  appear  to  be  formed  almost  wholly  of 
the  fragments  of  freshwater  shells,  without  any 
mixture  whatever  of  marine  shells.  ''From  the 
quantity  of  these  shells,  and  the  regularity  and 
extent  of  the  strata,  we  are  compelled  (says  Mr. 
Webster)  to  admit,  that  the  spot  where  they  now 
are,  was  once  occupied  by  fresh  water,  in  which 
these  animals  existed  in  a  living  state.  Over  this 
fresh  water  occurs  an  upper  stratum.  No.  2,  which 
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contains  a  vast  number  of  fossil  shells  wholly  ma- 
rine. Again^  over  this  marine  formation^  in  the 
same  hill^  is  a  calcareous  stratum  fifty-five  feet  in 
thickness^  No.  1^  every  part  of  which  contains 
freshwater  shells  in  great  abundance^  without  any 
admixture  of  marine  exuvise.  Many  of  the  shells 
are  in  high  preservation;  and  the  animals  must 
formerly  have  lived  in  the  very  spots  where  they 
now  are^  the  shells  being  so  fragile^  that  they  could 
not  have  been  removed  from  their  original  situation 
without  breaking.  Part  of  the  stone  of  this  for- 
mation is  very  hard  and  compact^  and  has  long 
been  extensively  used  for  building-stone.  This 
stratum  appears  to  have  extended  over  the  whole 
of  the  northern  part  of  the  Isle  of  Wight ;  but  it 
has  not  yet  been  discovered  in  any  other  situation 
on  this  side  of  the  water :  it  may  be  considered  as 
the  latest  formation  of  rock  we  are  acquainted  with 
in  England^  and  agrees  in  many  of  its  mineralo- 
gical  characters^  and  the  fossils  it  contains^  with  the 
freshwater  limestone^  cal^aire  d'eau  douce,  in  the 
vicinity  of  Paris;  they  are  different  from  any  other 
known  rock.''  But  no  where  has  there  been  disco- 
vered in  the  series  of  freshwater  strata  in  England^ 
any  trace  of  the  remarkable  beds  of  gypsum  con- 
taining bones  of  unknown  genera^  and  species  of 
quadrupeds^  similar  to  the  gypsum  of  Montmartre. 


Observations. 

Though  the  tertiarj  strata  are  the  most  recent  of  all  the  re- 
gular rock  formations,  and  contain  the  remaioa  of  animals,  similar 
in  the  essential  parts  of  their  organization  to  the  present  races 
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of  living  animals,  yet  at  the  period  of  their  deposition,  the  con- 
dition  of  our  planet  must  have  heen  very  different  from  the  pre. 
sent  one.  Many  of  the  tertiary  strata  are  original  siliceous 
depoations— the  roill-stones  for  instance,  mth  the  thick  beds  of 
pure  siliceons  sandstone  passing  into  ckalcedonic  flint  or  chert, 
i^silex  corni)  are  as  evidently  original  formations  as  any  of  the 
lower  rocks.  In  the  present  seas  or  lakes  there  are  no  siliceous 
formations  taking  place,  nor  have  we  any  instances  of  siliceous 
depositions,  except  from  boiling  springs.  These  considerations 
will  alone  be  sufficient  to  convince  us,  that  the  tertiaiy  strata 
were  deposited  nnder  different  circumstances,  from  any  that  we 
have  a  knowledge  of,  either  from  experience  or  historic  records* 

The  alternation  of  marine  and  freshwater  formations  have 
been  differently  accounted  for.  According  to  one  hypothesis, 
the  sea,  which  at  present  contains  a  variable  portion  of  salt  in 
different  latitudes,  may  fonnerly  have  deposited  all  its  salt,  and 
become  fresh  at  one  period,  and  have  subsequently  received 
another  saline  impregnation  ;  there  is  nothing  absurd  or  highly 
improbable  in  this  hypothesis,  but  it  is  entirely  gratuitous.  Some 
geologists  deny  that  freshwater  shells  are  a  sufficient  proof  that 
the  strata  in  which  they  are  found  were  not  deposited  in  salt 
water.  In  the  salt  lakes  in  Westphalia,  lymnites,  which  may  be 
regarded  as  the  most  characteristic  of  all  freshwater  molasce, 
are  observed  to  flourish  together  with  freshwater  plants ;  and 
many  testaceous  animals^  it  has  recently  been  discovered,  will 
live  equally  well  in  fresh  or  salt  water.  The  number  of  terres- 
trial quadrupeds  that  have  left  their  bones  in  the  freshwater 
Umestone  and  gypsum^  afford,  however,  a  strong  presumption, 
that  the  water  was  fresh  that  filled  the  lakes,  on  the  banks  of 
which  they  lived ;  and  the  extensive  lakes  of  fresh-water  in 
America  render  the  existence  of  such  lakes  in  a  former  state 
of  our  planety  highly  probable.  Nor  will  the  change  from  salt  to 
fresh  water  require  any  forced  hypothesis  to  explain  it,  if  we  se- 
parate from  the  investigation,  the  difficulties  which  it  has  in 
common  irith  other  geological  problems. 

It  Is  granted  by  all  geologists^  that  the  calcareous  beds  on  the 
summits  of  the  Jura  range,  or  the  Pyrenees,  have  once  been 
covered  by  the  sea.  We  may  therefore  grant  that  the  chalk 
strata  were  also  once  under  its  surface.  Now  if  we  admit,  that 
the  water  in  which  the  strata  around  Paris  were  deposited, 
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was  sorroniided  by  mountains  and  diy  land,  so  as  to  form 
an  inland  sea  or  lake,  communicating  by  a  narrow  opening 
with  the  ocean,  and  that  large  rivers  flowed  into  this  inland 
lake ;  the  water  would  at  first  be  salt ;  but  if  by  any  cause  the 
opening  was  closed,  the  water  would  gradually  become  fresh 
again.  If  at  a  subsequent  period  the  passage  was  re-opened  by 
an  earthquake  or  inundation,  the  sea  would  once  more  flow  into 
the  lake,  and  the  water  would  again  become  salt  Such  altema. 
tions  might  take  place  repeatedly,  without  any  change  in  the 
relative  level  of  the  ocean.  The  difficulty  of  bonceiving  these 
alternations,  has  arisen  from  supposing  that  it  was  necessary  for 
the  sea  to  sink  to  its  present  level,  and  rise  again  repeatedly ; 
but  this  is  by  no  means  required,  to  explain  the  alternate  suc- 
cession of  freshwater,  and  marine  formations. 

The  causes  which  have  depressed  the  sea  to  its  present  level, 
or  have  devated  our  present  continents  above  its  surface,  took 
place  after  the  deposition  of  the  tertiary  strata,  as  might  be 
proved  by  numerous  incontrovertible  facts.  Whether  in  a  still 
more  remote  epoch,  all  the  present  continents  may  not  have  been 
repeatedly  submerged  in  the  ocean,  and  again  elevated  above  its 
anrface,  is  an  inquiry  not  necessarily  connected  with  the  deposi. 
tion  of  the  tertiary  strata,  as  these  changes  were  anterior  to  their 
formation. 


sso 


CHAPTER  XV. 

ON  EARTHQUAKES  AND  VOLCANIC  PHENOME. 
NA.— ON  RECENT  AND  ANCIENT  VOLCA- 
NOES.—SUBMARINE  VOLCANOES AND  ON 

VOLCANIC  ROCKS  AND  PRODUCTS. 

Accustomed  to  view  the  hnis  in  our  own 

country  in  a  state  of  profound  repose^  presenting 
the  same  unvaried  outline  in  each  succeeding  year^ 
we  can  scarcely  conceive  the  possibility  of  a  whole 
district  being  covered  with  new  mountains  and 
another  soil^  in  the  space  of  a  single  night;  yet  such 
changes  have  been  produced^  by  the  united  agency 
of  earthquakes  and  volcanoes^  within  the  limits  of 
authentic  history.  For  a  particular  description  of 
recent  volcanic  eruptions^  and  the  changes  they 
have  produced  on  the  suiTOunding  countries^  I 
must  refer  the  reader  to  the  works  of  Spallanzani^ 
Dolomieu^  Sir  William  Hamilton^  and  M .  Hum- 
boldt^ and  to  the  recent  account  of  the  Island  of 
Java,  by  Lieutenant-governor  Rafl3es. 

In  the  present  chapter^  I  propose,  1st,  to  describe 
those  phenomena  that  indicate  the  connecilon  be- 
tween earthquakes  and  volcanoes,  and  between  the 
volcanoes  in  distant  countries;  Sndly,  to  take  a  view 
of  the  remains  of  ancient  volcanoes,  that  prove  the 
extensive  action  of  internal  heat  on  the  crust  of  the 
globe ;  and,  Srdly,  to  give  a  concise  account  of  vol- 
canic rocks  and  products. 
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Earthquakes  and  volcanoes  may  be  considered 
as  different  effects  produced  by  the  agency  of  sub- 
terranean  fire.  They  frequently  accompany  each 
other ;  and  in  all  instances  that  have  been  observed^ 
the  first  eruption  of  a  volcano^  is  preceded  by  an 
earthquake  of  greater  or  less  extent.  Volcanoes 
do  not  make  their  appearance  in  every  country 
where  the  shock  of  an  earthquake  is  felt:  but 
earthquakes  are  more  frequent  in  volcanic  districts 
than  in  any  other.  Earthquakes  are  almost  always 
preceded  by  an  uncommon  agitation  of  the  waters 
of  the  ocean^  and  of  lakes.  Springs  send  forth  tor- 
rents of  mud^  accompanied  with  a  disagreeable 
stench.  The  air  is  generally  calm^  but  the  cattle 
discover  much  alarm^  and  seem  to  be  instinctively 
aware  of  approaching  calamity.  A  deep  rumbling 
noise^  like  that  of  carriages  over  a  rough  paviement^ 
— a  rushing  sound  like  wind^-— or  a  tremendous 
explosion  like  the  discharge  of  artillery^  imme- 
diately precede  the  shocks  which  suddenly  heaves 
the  ground  upwards^  or  tosses  it  from  side  to  side^ 
with  violent  dnd  successive  vibrations.  The  shock 
seldom  lasts  longer  than  a  minute;  but  it  is  fre- 
quently succeeded  by  others  of  greater  or  less  vio- 
lence^ which  continue  to  agitate  the  surface  of  the 
earth  for  a  considerable  time.  During  these  shocks^ 
large  chasms  and  openings  are  made  in  the  ground^ 
through  which  smoke  and  flames  are  seen  to  issue: 
these  sometimes  break  out  where  no  chasms  can  be 
perceived.  More  frequently  stones^  or  torrents  of 
water^  are  ejected  from  these  openings.  In  vio- 
lent earthquakes^  the  chasms  are  so  extensive^  that 
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krge  cUies  bave  in  a  momeiit  sunk  down  and  for 
erer  disapfkeared,  leaving  a  lake  of  water  in  the 
place.  Such  was  the  fate  of  Euphemia  in  Calabria^ 
in  1638,  as  described  by  Kircber,  who  was  ap- 
peoaching  the  |^ce,  when  the  a^talion  of  the  ocean 
obliged  him  to  land  at  Lopizicum :  "  Here  (says 
be)  scenes  of  ruin  every  where  appeared  around 
me;  but  my  attention  was  quickly  turned  from 
■mre  remote  to  contiguous  danger,  by  a  deep 
rambling  sound,  which  erery  moment  grew  louder. 
The  place  where  we  stood  shook  most  dreadfully : 
after  some  time,  the  TioJeot  paroxysm  ceasing,  I 
stood  up,  and  turning  my  eyes  to  look  for  Euphe- 
mia, saw  <Mily  a  frightful  black  cloud.  We  waited 
till  it  had  passed  away,  when  nothing  but  a  dismal 
and  putrid  lake  was  to  be  seen  where  the  city  once 
stood." 

The  extent  to  which  earthquakes  produce  sensi- 
Ue  effects  on  the  waters  of  springs  and  lakes  ia  di- 
stantparts  of  the  world,  is  truly  remarkuble.  During 
the  earthquake  of  Lisbon  in  1755,  almost  all  the 
a|irings  and  lakes  in  Britain  and  erery  part  of  Eu- 
rope were  violently  agitated,  many  of  them  throw- 
ing up  mud  and  sand,  and  emitting  a  fcetid  odour. 
On  the  morning  of  the  earthquake,  the  hot  springs 
at  Toplitz  in  Bohemia  suddenly  ceased  to  flow  for 
a  minute,  and  then  burst  forth  with  prodigious  vio- 
lence, throwing  up  turbid  water,  the  temperature 
of  which  was  higher  than  before :  it  is  said  to  have 
continued  so  ever  since.  The  hot  wells  at  Bristol 
were  cobured  red,  and  rendered  unfit  for  use,  for 
some  months  afterwards.    Even  the  distant  waters 
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cf  Lake  Ontario*^  in  North  America^  were  vio* 
lendy  agitated  at  the  time.     These  phenomena 
offer  proofs  of  subterranean  communications  under 
a  lai^e  portion  of  the  globe ;  they  also  indicate^ 
that  a  great  quantity  of  gas  or  elastic  vapour  was 
suddenly  generated  and  endeavouring  to  escape. 
From  the  foetid  odour  perceived  in  some  situations^ 
it  may  be  inferred  that  this  gas  is  hydrogen  or  sul^ 
phuretted  hydrogen.    In  other  instances  it  may  be 
steam^  which  condensing  again  would  produce  a 
vacuum^  and  occasion  the  external  air  to  press 
downwards;  which  has  been  observed  in  mines^ 
immediately  after  the  shock  of  an  earthquake. 
'   The  space  over  which  the  vibration  of  the  4ry 
ground  is  felt  is  very  great,  but  generaDy  wider  in 
one  direction  than  another ;  and  where  a  succession 
of  earthquakes  has  taken  place  in  the  same  district^ 
it  is  observed  that  the  noise  and  shock  approach 
from  the  same  quarter.    It  has  been  before  men- 
tioned^ that  earthquakes  are  most  frequent  in  vol- 
canic districts;  but  the  shocks  are  not  the  most 
violent^  in  the  immediate  vicinity  of  volcanoes.    On 
the  contrary^  they  are  stronger  in  the  more  distant 
part  of  a  volcanic  country.    The  ground  is  agitated 
with  greater  force^  as  the  surface  has  a  smaller 
number  of  apertures  communicating  with  the  in- 
terior. ''  At  Naples  and  Messina^  and  at  the  foot  of 
Cotopaxi  and  Tungurahua^  earthquakes  are  only 


*  It  has  been  observed  daring  many  earthquakes  in  the  East- 
em  States,  that  the  subterranean  noise  and  motion  appeared  to 
Commence  from  the  Lakes,  and  proceed  towards  the  Atlantic 
Ocean,  in  a  direction  from  the  north-west. 
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dreaded  when  vapours  and  flames  do  not  issue  from 
the  craters." — (Humboldt.) 

The  connection  of  earthquakes  with  volcanoes 
was  noticed  by  ancient  writers^  and  the. latter  were 
properly  regarded  as  the  openings,  through  which 
the  inclosed  vapour  and  ignited  matter  that  occasion 
earthquakes,  found  a  passage.  Strabo  in  his  Geo- 
graphy  states,  that  '^  the  town  of  Regium,  situated 
on  the  Italian  side  of  the  Straits  of  Messina,  was  so 
caUed,  according  to  iEschylus,  from  the  circumstance 
that  the  inland  of  Sicily  was  rent  off  from  the  con- 
tinent by  earthquakes.  Proofs  of  this  arise  out  of 
the  phenomena  attending  iEtna  and  other  parts  of 
Sicily  and  of  the  Lipari  Islands,  and  even  the  op- 
posite continent.  Now,  indeed,  when  craters  are 
opened,  through  which  fire  and  ignited  matter  and 
water  are  poured  out,  it  is  said  that  the  land  near 
the  Straits  is  seldom  shaken  by  earthquakes :  but 
formerly,  when  all  the  passages  to  the  surface  were 
obstructed,  the  fire  and  vapour  confined  in  the 
earth,  occasioned  frequent  earthquakes,  and  the 
land  being  rent,  admitted  the  ocean.  At  the  same 
time,  Prochyta  and  an  adjacent  island  were  also 
torn  off  from  the  continent,  while  other  islands  rose 
from  the  ocean,  as  frequently  happens  at  this  day." 
Vol.  i.  page  396. 

It  is  highly  probable  that  every  extensive  earth* 
quake  is  followed  by  a  volcanic  eruption  more  or 
less  remote,  unless  (as  not  un frequently  happens) 
the  elastic  vapour  immediately  escapes  from  fissures 
made  at  the  time,  in  the  countries  that  are  the  most 
violently  convulsed.  An  earthquake  was  strongly 
felt  inGeneva  when  I  was  there,  February  19, 1888, 
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and  did  considerable  damage  in  several  towns 
and  villages  in  Savoy  and  France.  A  few  weeks 
afterwards^  I  travelled  from  Geneva  to  Lyons^  and 
from  thence  to  the  ancient  volcanoes  near  Cler- 
mont. In  the  course  of  my  route^  I  made  fre* 
quent  inquiries  respecting  the  effects  of  the  earth- 
quake :  it  appeared  to  have  been  most  strongly  felt 
along  the  valley  of  the  Rhone^  and  the  shock  was 
not  less  severe  in  the  volcanic  district  of  Auvergne; 
its  direction  was  from  the  south-east :  and  on  that 
and  the  following  days^  there  were  several  eruptions 
from  Vesuvius.  The  frequency  of  earthquakes  at 
particular  periods  is  well  deserving  notice.  In  the 
fourth  and  fifth  centuries  some  of  the  most  civilized 
parts  of  the  world  were  almost  desolated  by  these 
awful  visitations.  Thrace^  Asia  Minor^  and  Syria, 
according  to  cotemporary  historians,  suffered  most 
severely:  the  earth  was  agitated  continually  for 
long  periods,  and  flames  were  seen  to  burst  from 
the  earth,  over  a  vast  extent  of  surface.  On  the  86th 
of  January,  A.D.  447,  subterranean  thunders  were 
heard  from  the  Black  to  the  Red  Sea,  and  the  earth 
was  convulsed  without  intermission  for  the  space  of 
six  months ;  in  many  places  the  air  seemed  to  be 
on  fire,  towns  and  large  tracts  of  ground  were  swal- 
lowed up  in  Phrygia.  On  the  SOlh  of  May,  A.D. 
620,  the  city  of  Antioch  was  overturned  by  a 
dreadful  earthquake,  and  two  hundred  and  fifty 
thousand  of  its  inhabitants  are  said  to  have  been 
crushed  in  the  ruins.  A  raging  fire  covered  the 
ground  on  which  the  city  was  built,  and  the  district 
around;  spreading  over  an  extent  of  forty -two 
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miles  in  diameter^  and  a  surface  of  fourteen  hun* 
dred  square  miles. 

About  the  middle  of  the  last  century^  after  the 
earthquake  at  Lisbon^— Europe^  Africa^  and  Ame- 
rica^ were  for  some  time  repeatedly  agitated  by  sub- 
terranean explosions ;  as  may  be  seen,  by  referring 
to  the  journals  of  that  time«  ^tna^  vrhich  had 
been  in  a  state  of  profound  repose  for  eighty  years, 
broke  out  with  great  activity;  and  according  to 
Humboldt,  some  of  the  most  tremendous  earth* 
quakes  and  volcanic  eruptions  ever  recorded  in  hi^ 
story  were  witnessed  in  Mexico.  In  the  night  of 
the  19th  of  September  1759,  a  vast  volcano  broke 
out  in  a  lofty  cultivated  plain^  a  tract  of  ground 
more  than  twelve  miles  in  extent  rose  up  like  a 
bladder  to  the  height  of  five  hundred  and  twenty- 
four  feet,  and  six  new  mountains  were  formed, 
higher  than  the  Malvern  Hills  in  Worcestershire. 
More  recently  (in  18 IS)  the  tremendous  earth- 
quakes in  the  Garaccas  were  followed  by  an  enip* 
tion  in  the  Island  of  St  Vincent's^  from  a  volcano 
that  had  not  been  burning  since  the  year  1718^  and 
violent  oscillations  of  the  ground  were  felt  both  in 
the  islands  and  on  the  coasts  of  America.  It  may 
be  inferred  from  these  circumstances,  that  the  cause 
of  earthquakes  and  volcanic  eruptions  is  seated 
deep  below  the  surface  of  the  earth;  in  confirma- 
tion of  which,  it  will  only  be  necessary  to  state^  that 
on  the  same  day  on  which  Lisbon  was  nearly  de- 
stroyed, all  Europe,  and  a  great  part  of  northern 
Africa^  felt  the  shock  more  or  less  severely :  its  ef- 
fects were  also  sensible  across  the  Atlantic  both  in 


the  United  States^  and  the  West  Indies.  Incredible 
as  it  may  seem,  one-fourth  of  the  Northern  hemi- 
sphere was  agitated  by  the  same  earthquake.  The 
bed  of  the  Atlantic  was  raised  above  the  surface  of 
the  ocean,  and  flame  and  vapour  were  discharged : 
this  was  observed  by  vessels  at  sea.  If  we  take  a 
terrestrial  globe,  and  cover  those  parts  of  it  that 
were  thus  affected  by  the  earthquake,  with  black 
crape,  we  shall  obtain  a  more  distinct  idea  of  the 
extent  of  sur&ce  shaken,  than  a  mere  verbal  de- 
scription can  convey.  This  appears  to  have  been 
one  of  the  most  severe  shocks  that  the  old  continent 
had  experienced  for  several  centuries.  The  cause 
which  could  effect  a  simultaneous  concussion  over 
such  a  vast  extent,  must  probably  have  been  seated 
nearly  midway,  between  the  centre  of  the  globe  and 
its  surface. 

It  bas  been  remarked  that  in  general,  earthquakes 
are  more  severely  felt  in  mountainous  than  in  low 
countries:  this  might  be  expected  from  tbe  structure 
of  the  earth*.  In  aljHne  districts,  the  ,prinuury 
mountains  are  not  pressed  with  the  incumbent 
mass  of  secondary  rocks,  and  in  such  situationa  the 
resistance  to  a  force  acting  from  beneath  will  be 
much  less,  as  all  the  weight  of  secondary  rocks  is 
removed.  In  very  violent  earthquakes,  the  secon* 
dary  strata  are  broken  or  agitated ;  but  proofs  are 
not  wanting,  of  lesser  vibrations  being  stopped  by 
their  pressure.  Humboldt  says,  he  has  seen  work- 
men hasten  from  the  mines  of  Marienburgh  in 

*  See  a  paper  on  Earthquakes  bj  the  Rev.  Mr.  Mitchell, 
Philosophical  Traosactions,  1759. 
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SaKony^  alarmed  by .  a^tatioas  of  the  earth  that 
were  not  felt  at  the  aurface*^ .  Diiring  the  earthquake 
at  Lisbon^  the  miners  in  Derbyshire  felt  th^  rocks 
taove^  and  heard  noises  which  were  scarcdy  per*- 
ceived  by  those  above.  That  an  expansive  force 
acting  from  beneath  is  the  proximate  cause  of 
earthquakes^  can  scarcely  be  denied ;  and  the  pro^ 
dig^ous  power  of  steam^  when  suddenly  generated; 
seems  equal  to  their  production;  if  the  quantity  be 
sufficiently  great.  It  is  said  that  a  single  dfop  ef 
water  falling  into  a  furnace  of  melted  copper;  will 
bbw  up  the  whole  building;  This  may  bei  an  ex«< 
aggerated  statement ;  but  the  prodigious  force  of 
steam  at  high  temperatures  is  well  *  known^  and 
there  can  be  no  dRfficidty  in  admitting;  that  if  a  cur«< 
tfent  of  subterranean 'woUr  were  to*  find^access  to  a 
mass  of  lava  many  miles  in  extent^  and  most  inn 
tensely  heated,  it  would '  produce  an  earthquake 
more  or  less  violent,  in  proportion  to  the  quantity* 
of  steam  generated,  and  its  cBstance  from  the  sur<« 
face.  When  the  hydrogen  gas  exploded  in  a^miiie 
Hear  Workington'  in  Cumberland,  a  shock  Ekfe  that 
of  an  earthquake  was  fek  by  ships  in  the  river,  at 
two  miles  distance.  

The  horrid  crash  like  the  rattling  of  carriagea; 
which  precedes  earthquakes,  may  be  occasioned  by 
the  rending  of  the  rocks,  or  parting  of  the  strata 
through  which  the  confined  vapour  is  forcing  a 
passage-  '      ' 

I  rt  volcanic  phenomena,  we  observe  a  ^  cause  in 
present  activity,  that  can  overthrow  mountains,  form 
new  islands,  and  raise  up  the  bed  of  the  ocean : 
hence  the  geologist  may  infer,  that  the  same  cause^ 
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acting  with  greater  intensity  and  more  extensively^ 
has  been  the  agent  employed  by  the  Author  of  Na- 
ture^ to  elevate  new  and  submerge  ancient  cohti-> 
nents^  and  to  ehangd  and  renovate  the  surface  of 
the  globe.  We  are  indeed  acquainted  with  no 
other  natural  agents  that  can  have  effected  the 
mighty  changes  which  the  crust  of  our  planet  ha^ 
undergone.  The  products  of  volcanoes^  particu^ 
kurly  of  ancient  ones^  are  analogous  in  tlieir  com- 
position and  internal  structure  to  the  oldest  rocks 
of  granite^  sienite;  and  porphyry^  and  indicate  not 
obscurely^  the  mode  in  which  these  rocks  were 
fbraied :  hence  the  study  of  volcanoes  and  volcanic 
rocks  is  an  important  branch  of  the  sden^  of  geo-< 
lo£ry*  Wemeir  and  bk  disciples^  however^  held  that 
volcanoes  wi^re  merely  produced  by  the  ignition  of 
beds  of  coal,  in  the  secondary  strata. 

VoLCJkwoBs  are'  openings  made  in  the  earth's 
surface  by  mtemal  fires ;  they  regularly^  or  at  in*» 
tervals;;  :Mirow  out  smoke^  vapour^  flamej  lat^ge 
stones^  sand^  and  melted  8U>ne  called  lava.  Some 
vndcanoes  throw  out  torrents  of  mud  and  boiling 
vmtar.  Volcanoes  most  frequently  exist  in  the  vi- 
cinity of  the  sea  or  large  lakes^  and  also  break  out 
from  un&thomable  depths  below  the  surface^  and 
form  new  islands  and  reefs  of  rock.  When  a  vol* 
cano  breaks  out  in  a  new  situation^  it  is  preceded 
by  violent  earthquakes^  the  heated  sur&ce  of  the 
ground  frequently  swells:  and  heaves  up^  until  a 
fissure  or  rent  is  formed^  sometimes  of  vast  extent. 
Through  this  openings  masses  of  rock  with  flame^ 
smoke  and  lava^  are  thrown  out,  and  choke  up  part 
of  the  passage,  and  confine  the  eruption  to  one  or 

z8 
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more  apertures^  round  which  conical  hills  or  moun- 
tains are  formed.  The  concavity  in  the  centre  is 
called  the  crater.  The  indications  of  an  approach- 
ing eruption  from  a  dormant  volcano  are  an  in- 
crease of  smoke  from  the  summit^  which  sometimes 
rises  to  a  vast  height^  branching  in  the  form  of  a 
pine-tree.  Tremendous  explosions^  like  the  firing 
of  artillery^  commence  after  the  increase  of  smoke, 
and  are  succeeded  by  red-coloured  flames^  and 
showers  of  stones.  At  length  the  lava  flows  out 
from  the  top  of  the  crater^  or  breaks  through  the 
sides  of  the  mountain^  and  covers  the  neighbouring 
plains  with  melted  matter^  which  becoming  conso* 
lidated^  forms  a  stony  mass^  often  not  less  than  some 
hundred  square  miles  in  extent^  and  several  yards 
in  thickness.  The  eruption  of  lava  has  been  known 
to  continue  several  months.  Intensely  black  clouds 
composed  of  a  kind  of  dark-coloured  sand  or  pow- 
der^ improperly  called  ashes^  are  thrown  out  of  the 
crater  after  the  lava  ceases  to  flow,  and  sometimes 
involve  the  surrounding  country  in  total  darkness 
at  noon-day.  Towards  the  conclusion,  the  colour 
of  the  volcanic  sand  changes  to  white  :  it  consists 
of  pumice  in  b  finely  comminuted  state.  During 
an  eruption  of  ^tna,  a  space  of  one  hundred  and 
fifty  miles  in  circuit  was  covered  with  a  stratum  of 
volcanic  sand  or  ashes  twelve  feet  thick.  When 
the  lava  flows  freely,  the  earthquakes  and  explo- 
sions become  less  violent ;  which  proves  that  they 
were  occasioned  by  the  confinement  of  the  erupted 
matter  both  gaseous  and  solid.  The  smoke  and 
vapour  of  volcanoes  are  highly  electrical. 

The  quantity  of  lava  thrown  out  during  a  single 
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eruption  of  a  volcano^  seems  almost  incredible  to 
those  who  have  not  observed  volcanic  countries. 
Kercher  in  his  Mundus  Subterraneus,  lib*  A,  cap.  8^ 
published  in  1660^  says^  that  the  ejections  of  Mount 
iEtna  vrould^  if  collected^  form  a  mass  twenty  times 
as  large  as  the  mountain  itself ;  and  a  few  years 
afterwards^  viz.  in  1669^  the  same  mountain  covered 
with  a  fresh  current  of  lava  eighty-four  square 
miles;  and  again  in  1775^  according  to  Dolomieu^ 
the  same  volcano  poured  out  another  stream  of  lava^ 
twelve  miles  in  lengthy  one  mile  and  a  half  in 
breadth^  and  two  hundred  feet  in  height.  Hence 
it  is  evident^  that  the  seat  of  the  fire  is  not  in  the 
mountain  itself^  but  deep  in  the  earth  :  the  volcano 
is  not  the  furnace^  but  the  chimney ;  and  it  will  be 
necessary  to  bear  this  in  mind^  if  we  would  form 
an  adequate  idea  of  the  extensive  effects  of  volcanic 
action.  Seneca  appears  to  have  formed  a  distinct 
notion  of  the  seat  of  volcanic  fire,  when  he  remarks^ 
that  the  volcano  does  not  supply  the  fire,  it  only 
affords  it  a  passage  '^  in  ipso  mofUe  non  alimentum 
hahety  sed  viam"  The  largest  known  current  of 
modem  lava  was  formed  by  a  volcano  in  Iceland 
in  1783;  it  is  sixty  miles  in  lengthy  and  twelve 
broad^  equalling  in  extent  any  continuous  rock- 
formation  in  England.  The  most  extraordinary 
volcanic  eruption  recorded  in  history,  for  the  extent 
of  its  effects,  took  place  in  Sumbawa,  one  of  the 
Molucca  Islands,  in  April  1815.  It  is  described  in 
the  History  of  Java  by  Lieut.-govemor  Raffles. 

''This  eruption  extended  perceptible  evidences  of 
its  existence  over  the  whole  of  the  Molucca  Islands, 
over  Java,  a  considerable  portion  of  Celebes,  Su- 
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matra,  and  Borneo>  to  a  oircumference  of  a  thoti-» 
sand  statute  miles  fVom  its  centre^  by  tremnloos 
niotions  kind  the  report  of  Explosions ;  wbiie  within 
the  range  of  its  mor^  immediate  activity,  em- 
bracing a  space  of  three  hundred  miles  around^  it 
produced  the  most  astonishing  effects^  and  excited 
the  roost  alarming  apprehensions.  In  Java^  at  the 
distance  of  three  hundred  miles^  it  seemed  to  be 
awfully  present.  The  sky  Was  overcast  at  no^U'^ 
day  Vvith  clouds  of  ashes ;  the  sun  was  enveloped  iti 
an  atniosphere^  whose  ^palpable'  density  he  was 
unable  to  penetrate ;  showers  of  ashes  covered  the 
houses^  the  streets^  and  the  fidds,  to  the  depth  of 
several  inches ;  and  amid  this. darkness^  ex{dosion8 
were  heard  at  intervals  like  the  report  bf  artillery 
or  the  hoise  of  distant  thundeif .  So  ifuUy  did  the 
resemblahce  of  the  noises  to  the  report  of  caikinon  * 
impi^ess  the  minds  of  soikie  officers^  tiiat  from  an 
apt>rehension  of  pirates  on  the  coasts  vessels  were 
dispatched  to .  afibrd  relief.  Sikperstition  on  the 
other  haind  was  busily  at  work  on  the  minds  of  the 
natives^  and  attribute  the  reportd^  to  ab  artillery 
bf  a  different  description^  to  that  of  pirates*  .  All 
cohceived  that  the  eiSects  experienced  mt^ht  be 
caused  by  eruptions  of  ^ome  of  the  numerous  vol* 
canoes  on  the  island ;  but  no  one  could  have  con- 
jectured that  the  showers  of  ashes  which  darkened 
the  air  and  covered  the  ground  of  the  eastern  dils* 
tricts  of  Java^  cduld  have  proteeded  from  a  mbuki- 
tain  in  Sumbawa^  at  the  distance  of  seveml .  hun* 
dred  miles." 

The  lieutenant-governor  of  Java  directed  a  cir- 
<nilar  to  the  different  residents^  requiring  them  io 
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transmit  to  the  goveraor  a  statement  of  the  fitcts  and 
circumstances  connected  with  this  eruption.  The 
most  remarkable  circumstance  attending  this  erup- 
tion^ is  the  distance  at  which  the  explosions  were 
heard  in  the  islands  of  the  Indian  Sea.  *'  From 
Snmbawa^  to  the  part  of  Sumatra  where  the  sound 
was  noticed^  is  about  nine  hundred  and  seventy 
geographical  miles.  From  Sumbawa  to  Temate 
18  a  distance  of  about  seven  hundred  and  twenty 
miles.  The  distance  to  which  the  cloud  of  ashes 
was  carried  so  thickly  as  to  produce  utter  darkness^ 
was  clearly  pointed  out  to  be  the  Island  of  Celebes^ 
and  the  district  of  Grisik  in  Java;  the  former  two 
hundred  and  seventeen  nautical  miles  in  a  direct 
line^  the  latter  more  than  three  hundred  geogra- 
phical miles/'  The  greatest  distance  at  which  the 
eruption  of  any  volcano  had  been  previously  heard^ 
is  six  hundred  miles :  according  to  M.  Humboldt^ 
the  explosions  fVom  Cotopaxi  are  sometimes  sen- 
sibly heard  at  that  distance  from  the  volcano^  which 
is  one  of  the  largest  and  highest  in  the  American 
continent. 

The  long  period  of  repose  which  sometimes  takes 
place  between  two  eruptions  of  the  same  volcano^ 
is  particularly  remarkable.  From  the  building  of 
Rome  to  the  79th  year  of  the  Christian  sera^  no 
mention  is  made  of  Vesuvius,  though  it  had  evi^ 
dently  been  in  a  prior  state  of  activity^  as  Hercula- 
neum  and  Pompeii^  which  were  destroyed  by  the 
eruption  of  that  year,  are  paved  with  lava.  From 
the  13th  to  the  16th  century  it  remained  quiet  for 
nearly  four  hundred  years^  and  the  crater  was 
overgrown  with  lofty  trees.     The  crater  was  de- 
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Bcended  by  Braccbini,  an  Italian  writer,  prior  to  the 
great  eruption  of  1631  :  the  bottom  was  at  that 
time  a  vast  plain,  surrounded  by  caverns  and  grot- 
toes. iEtna  has  continued  burning  since  the  time 
of  the  poet  Pindar,  with  occasional  intervals  of  re- 
pose, seldom  exceeding  thirty  or  forty  years. 

The  eruptions  of  the  Peak  of  Teneriffe  have 
been  very  rare  during  the  last  two  centuries.  Ac- 
cording to  Humboldt,  ''the  long  intervals  of  repose 
appear  to  characterize  volcanoes  highly  elevated*. 
Stromboli,  which  is  one  of  the  lowest^  is  always 
burning;  the  eruptions  of  Vesuvius  are  rarer,  but 
still  more  frequent  than  those  of  ^tna.  The  co- 
lossal summits  of  the  Andes,  Cotopaxi  and  Tungu- 
rahua,  scarcely  have  an  eruption  once  in  a  century. 
The  Peak  of  Teneriffe  seemed  to  be  extinguished 
for  ninety-two  years,  when  it  made  its  last  eruption 
by  a  lateral  opening  in  1798.  In  this  interval  Ve- 
suvius had  sixteen  eruptions."  The  greatest  erup- 
tions of  lava  from  iEtna  and  Vesuvius  are  always 
from  the  sides  of  these  mountains ;  but  these  lateral 
eruptions,  finish  by  an  ejection  of  ashes  and  flames 
from  the  crater  at  the  summit  of  the  mountain. 
In  the  Peak  of  Tenerifl^e,  an  eruption  of  lava  from 
the  summit  has  not  taken  place  for  ages ;  and  in 
the  recent  great  eruption  of  1798,  the  crater  re- 
mained inactive,  nor  did  its  bottom  fell  in. 

Those  who  are  acquainted  with  the  laws  of  hy- 
drostatics^ and  know  the  immense  power  that  would 


*  This  observation  of  M.  Humboldt  will  not  be  found  univer- 
sally correct ;  for  the  small  volcano  of  Vulcano,  one  of  the  Li- 
pari  islands,  was  in  a  dormant  state  thirteen  hundred  years. 
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be  required  to  raise  even  a  column  of  water  from 
tbe  level  of  the  sea,  to  the  top  of  ^tna  or  Tene- 
riffe^  will  not  be  surprised  that  the  lava  forces  itself 
out  of  the  sides^  and  rarely  rises  to  the  top  of  the 
crater,  in  lofty  volcanic  mountains.  It  has  been 
calculated,  that  the  force  required  to  raise  a  column 
of  lava  to  the  height  of  the  summit  of  Tenerifie, 
(twelve  thousand  five  hundred  feet,)  would  be  equal 
to  that  of  one  thousand  atmospheres ;  and  M.  Dau- 
buisson,  who  has  made  the  calculation,  states,  that 
if  an  opening;  were  effected  in  the  volcano  at  the 
level  of  the  sea,  under  the  above  pressure,  the  lava 
and  stones  would  be  forced  out  with  a  velocity  eqiial 
to  two  hundred  and  seventy  metres,  or  eight  hun- 
dred feet  per  second. — Tom.  i.  p.  173. 

The  elevation  of  volcanic  craters  varying,  as 
Humboldt  observes,  from  six  hundred  to  eighteen 
thousand  feet,  must  not  only  influence  the  fre- 
quency of  their  eruptions,  but  must  modify  also 
the  quality  of  the  substances  ejected.  —  *^  Some 
volcanoes  only  eject  lava  from  their  sides,  like 
Tenerifie,  although  it  has  a  crater  on  its  summit ; 
others  have  lateral  eruptions  as  I  observed  at  An- 
tisana  in  Quito,  at  the  height  of  thirteen  thousand 
feet,  and  their  summit  has  never  been  pierced. 
Others  equally  hollow  in  their  interior,  as  many 
phenomena  indicate,  act  only  mechanically  on  the 
surrounding  country,  breaking  the  strata  and  chang- 
ing the  surface  of  the  soil :  thus  the  volcanic  moun- 
tain of  Chimborazo,  with  its  dome  of  volcanic  por- 
phyry, (trachyte,)  at  the  height  of  twenty-two  thou- 
sand two  hundred  feet,  has  no  permanent  aperture 
pn  its  summit  or  its  sides ;  the  small  crater  by  which 
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its  eraptioti8  are  effected;  »  placed  on  the  Plain^of 
Calpi.  The  volcano  of  Pichinca^  fifteen  thousand 
feet  high>  and  which  t  have  particuhrly  studied^ 
has  never  ejected  a  current  of  lava  since  the  exca- 
vation of  the  present  valleys>.  On  the  contrary^  the 
volcano  of  Popocateptl  in  Mexico^  sixteen  hundred 
feet  in  height^  pours  out  narrow  currents  of  lava^ 
like  those  from  the  smaller  volcanoes*of  Auvergne 
or  Italy." 

Submarine  volcanoes  are  preceded  by  a  violent 
boiling*  and  agitation  of  the  water,  and  by  the  dis<- 
eharge  of  volumes  of  gas  and  vapour,  which  take 
fire  and  roll  in  sheets  of  flame  over  the  surface  of 
the  vmves.  Masses  of  rock  are  darted  through  the 
water  with  great  violence,  and  accumulate  till  they 
form  new  idands.  Sometimes  the  crater  of  the 
volcano  rises  out  of  the  sea  during  an  eruption. 
In  178d,  a  submarine  volcano,  broke  out  hear  Ice^ 
land,  which  formed  a  new  island;  it  raged  with 
great  fury  £3r  several  months.  The  island  after'^ 
vmrds  sunk,  leaving  only  a  reef  of  rocks.  In  Decem*- 
ber  1780,  a  violent  earthquake  was  felt  at  Tercera, 
one  of  the  Azores ;  the  next  morning  a  new  island 
nine  miles  in  circumference  was  seen,  from  the 
eenU'e  of  which  rose  a  column  of  smdke  t  it  after* 
wards  sunk  to  a  level  with  the  sea.  A  small  island 
Was  formed  in  18 1 1  by  a  submarine  volcano  at  a 
little  distance  from  St«  Michael-s^one  of  the  Azores : 
it  was  a  mass  of  black  rock,  described  by  the  cap- 
tain of  the  Sabrina  frigate,  who  witnessed  its  for- 
mation, to  be  equal  in  height  to  the  high  Tor  at 
Matlock.  A  gentleman  who  visited  the  Azores  in 
1819,  informs  me  that  it  has  sunk  down  and  dis- 
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appeared :  there  is  now  eighty  fathom  water  ia 
the  place. 

Near  Santorini^  in  the  Grecian  archipelagoj  fiub«- 
nmrine  volcanoes  have  repeatedly  burst  forth  during 
the  last  two  thousand  years^  and  formed  several  new 
islands :  three  of  the  ancient  eruptiona  are  recorded 
by  Pliny>  Strabo^  and  Seneca.  The  last  eruption 
was  in  the  year  1767. 

,  If  the  asa  or  large  lak6s^  have  once  covered  our 
cantinents,  it  fbUows  tbatU)ie  greater  part  of  the 
present  and  ancient  volcanoes  were .  once  subma* 
rine.  I  am  informed  by  Mr.  Leckie^  that  calca*- 
reouB  strata  with  organic  remains  rest  on  beds  of 
volcanic  tu&  on  the  eastern  side  of  Sicily,  and  de- 
dine  towards  the  sea.  The  alternations  of  strata 
of  tertiary  limestone  with  beds  of  lava  on  the  side 
of  Jfitna  near  Lentini,  are  described  by  Dr.  Dan^ 
benny.  (See  p.  210b)  These  fiicts  indicate  that  the 
vdoantc  fires  in  the  vicinity  of  ^tna  once  raged 
under  the  ocean.  Almost  all  the  new  volcanoes  on 
record,  have  brokai  out  from  under  the  sea. 

Some  volcanoes  in  Europe,. and  many  in  the 
Andes,  throw  out  aqueous  torrents  intermixed  with 
fiiud  and  stones ;  indeed,  the  American  volcanoes 
more  frequently  eject  mud  than  lava.  Eruptions 
of  water  -  from  ^na  and  Vesuvius  are  rare,  and 
some  which  have  been  described  as  flowing  from 
the  crater  of  the  former,  have  been  merely  the  torn 
rents  of  melted  water  from  snow  on  its  summit. 
The  volcano  of  Macaluba  in  Sicily  presents  the 
phenomena  of  mud,  water,  and  stones  thrown  out 
of  the  crater.  Ferrara  describes  an  alarming  erup- 
tion which  took  place  on  the  29th  of  September 
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1777:  ^'Dreadful  noises  were  heard  all  round; 
and  from  the  midst  of  the  plain^  in  which  was 
formed  a  vast  gulf,  an  immense  column  of  mud 
arose  to  the  height  of  about  one  hundred  feet^ 
which  abandoned  by  the  impulsive  force^  assumed 
the  appearance  of  a  large  tree  at  the  top.  In  the 
middle^  stones  of  all  kinds  and  sizes  were  darted 
violently  and  vertically^  within  the  body  of  the  co- 
lumn. This  terrible  explosion  lasted  half  an  hour^ 
when  it  became  quiet ;  but  after  a  few  minutes  re- 
sumed its  course^  and  with  these  intermissions  con- 
tinued all  the  day.  During  the  time  of  this  phse- 
nomenon^  a  pungent  odour  of  sulphuretted  hydro- 
gen gas  was  perceived  at  a  great  distance^  to  the 
surprise  of  the  inhabitants^  who  did  not  dare  to  ap- 
proach this  spot  on  account  of  the  horrible  noises. 
But  many  came  the  following  day^  and  found  that 
the  new  great  orifice  had  ejected  several  streams 
of  liquid  chalk  (creta) ;  which  had  covered^  with 
an  ashy  crust  of  many  feet^  all  the  surrounding 
space^  filling  the  cavities  and  chinks.  The  hard 
substances  ejected  were  fragments  of  calcareous 
tufa^  of  crystallized  gypsum^  pebbles  of  quartz^  and 
iron  pyrites^  which  had  lost  their  lustre^  and  were 
broken  in  pieces.  All  these  substances  form  the 
outward  circuit  at  this  day.  The  unpleasant  smell 
of  sulphur  still  continued^  and  the  water  which  re- 
mained in  the  holes  was  hot  for  many  months^ 
while  a  keen  smell  of  burning,  issued  from  the  nu- 
merous orifices  around  the  great  gulf,  which  is 
now  completely  filled." 

Volcanoes   frequently  occur  in   groups,   some- 
times arranged  along  a  line  as  if  they  had  originally 
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been  formed  over  one  vast  chasm,  like  the  minor 
volcanoes  on  the  sides  of  ^tna ;  sometimes  they 
are  dispersed  irregularly  over  the  surface^  and 
sometimes  they  are  isolated  like  ^tna,  and  the 
Peak  of  TeneriflFe. 

The  volcanoes  in  South  America^  Humboldt  ob- 
serves, instead  of  being  isolated  or  dispersed  in 
irregular  groups  as  in  Europe,  are  arranged  in 
rows,  like  the  extinct  volcanoes  of  Auvergne,  or 
the  volcanoes  of  Java ;  sometimes  in  one  line,  and 
sometimes  in  two  parallel  lines.  These  lines  are 
generally  in  the  same  direction,  as  the  chain  of 
the  Cordilleras,  but  sometimes  (as  in  Mexico)  they 
form  an  angle  with  it  of  70^  The  volcanoes  of 
Mexico,  he  further  observes,  are  placed  in  a  nar* 
row  zone  between  latitude  18''  59' and  ig^"  IS".  This 
he  regards  as  a  vast  chasm,  seven  hundred  and  fifty 
miles  in  length,  extending  from  the  coast  of  the 
Atlantic,  to  that  of  the  Pacific,  and  to  the  islands 
of  Revillagiedo  in  the  same  direction. 

Our  knowledge  of  volcanic  geography  is  at  pre- 
sent imperfect,  but  among  the  principal  volcanic 
groups  and  ranges,  the  following  may  be  briefly 
enumerated. 

In  the  Azores,  there  are  no  less  than  forty-two 
active  or  dormant  volcanoes,  and  submarine  volca>- 
noes  not  unfrequently  break  forth  in  their  vicinity. 
Almost  all  the  other  Islands  in  the  Atlantic,  and 
many  of  the  West  Indian  Islands,  are  volcanic. 
Numerous  Islands  in  the  Pacific  Ocean,  and  the 
Indian  Seas,  have  large  volcanoes :  in  the  Island 
of  Java  alone,  there  is  a  range  consisting  of  thirty- 
eight  large  volcanic  mountains,  some  of  which  are 
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nt  present  in  an  active  state;  they  are  detached 
from  each  otber^  and  though  some  of  them  are 
covered  by  the  vegetation  of  many  ages>  the  indi^ 
cations. of  their  former  eruptions^  are  numerous 
and  unequivocal. 

Numerous  volcanoes  exists  near  or  within  the 
Arctic  circle^  in  *  Kamschatkay  in  Greenland^  ajid 
in  Iceland.  A  range  of  active  or  dormant  volcat 
noes  extends  from  the  soutiiern  extremity  of  Ahm"- 
tica^  to  the  northern,  ^along  a  line  of  six  thousand 
miles  in:  length.  Of  the  volcano^  in  Northern 
Asia,  or  the  interior  of  Africa,  we  harc  little  in* 
foraiation,  and  the  voloanees  covered  by  the  staj 
cannot  be  estimated ;  but  from  theaboye  statenienti 
we  are  autboidised  ifi  beHeving,  that  volcanic  fires 
are  moee  extensively  operative^  than  many  geo^ 
kigibts  are  disposed  to;  adasit; 

Numerous  fitcts  miight-  be  cited;  to  prave  the 
eOnnection  MThtch  exists^  between  vdcanoes  at  a 
vast  distance  frvun  each  ether.  In  1783,  when  a 
submarine  volcano  near  Iceland,  suddenly  ceased 
its  eruptions,  a. volcano  broke  out  two  hundred 
miles  di^nt  in  the  interior.cf  tltt  Island.  On  the 
night  in  which  Lima  and  Callao  were  destroyed  by 
an  earthquake,  four  new  volcanoes. broke  out. in 
the  Andes.  The  source  of  volcanic  fire  is  seated 
deep  under  the  surface  of  the  earth ;  were  it  not  so, 
(^  ground  ill  their  vicinity  would  sink  down.  Yet 
^taa  has  continued,  to  pour  out  streams  of  lava  for 
Uitee  thousand  years,  and  Strombdi  has  had  daily 
eruptions,  &t  nearly  as  long  a  period 


*  Since  the  period  of  authentic  history,  no  gte9,t  changes  have 
taken  place  in  the  conntiy  round'  Mtnn ;  but  it  appears  firoiif 
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There  are  aome  instances,  of  volcanoes  having 
been  entirely  engulpbed  in  the  chasms  beneatfai 
them.  The  volcano  of  the  Pic  in  the  Island  of  Timor>. 
one  of  the  Moluccas^  is  known  to  have  served  as  a 
prodigious  watcb^light^  which  was  seen  at  sea  at 
the  distance  of  three  hundred  miles.  In  the  year 
1688^  the  mountafai  during  a  violent  eruption  en^ 
tindy  disappeared^  and  in  its  place^  there  is  now  a 
lake, '  Many  of  the  circular  lakes  in  the  South  of 
Italy  are  supposed  to  have  becuti  formed  by  the 
siiiking  down  of  volcanoes ;  but  the  best  authentic 
cated  account  we  have  of  the  destruction  of  a  voK 
oanic  mountain^  is  given  by  Governor  Raffles  in 
his  History  of  Java. 

'  *^  ThePapandayang,  situated  at  the  western  part 
of  the  district  of  Cheribor^  in  the  province  of  Sukarf 
pura^  was  formerly  one  of  the  largest  volcanoes  in 
thelsland  of  Java;  but  the  greatest  part  of  it  was 
swallowed  up  in  the  earthy  after  a  i^rt  but  very 
severe  combustion  in  the  year  177S.  The  accoual 
which  has  remained  of  this  event  asserts^  that  neav 
midnight^  between  the  11th  and  ISth  of  August,- 
there  was  observed  about  the  mountain  an  uncom^ 

Virgil),  as  wel)  a«  from  %  psssage  ni  Strabo  before  quoted^  that ai^ 
ancient  tradition  e^^sted  of  the  sudden  separation  of  Sicilj  from 
Italj. 

^^  Haec  loca,  vi  quondam  et  vast^  convulsa  mini 
Dissilnisse  fernnt :  cikm  protinus  ntraque  tellas 
Una  foret,  Tenit  medio  yi  pontai,  et  undis 
Hesperinm  Sicnlo  latot  absddit :  arvaque  et  urbes 
littore.didoctas  angusto  interloit  estu." — jSin.  1.  iii. 
Probably  this  separation  took  place  when  ^tna  emerged  from 
the  ocean ;  the  occurrence  of  beds  of  limestone  with  shells  upon 
its  sides,  proTes  that  it  was  originally  a  sabmarine  volcano. 
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monly  luminous  cloudy  by  which  it  appeared  to  be 
completely  enveloped.  The  inhabitants  as  well 
about  the  fort^  as  on  the  declivities  of  the  moun- 
tain^ alarmed  by  this  appearance^  betook  them- 
selves to  flight;  but  before  they  could  all  save 
themselveSj  the  mountain  began  to  give  way^  and 
the  greatest  part  of  it  actually  fell  in,  and  disap* 
peared  in  the  earth.  At  the  same  time  a  tremen- 
dous noise  was  heard^  resembling  the  discharge  of 
the  heaviest  cannon.  Immense  quantities  of  vol- 
canic substances^  which  were  thrown  out  at  the 
same  time^  and  spread  in  every  direction^  propa- 
gated the  effects  of  the  explosion  through  the  space 
of  many  miles. 

''  It  is  estimated  that  an  extent  of  ground  of  the 
mountain  itself^  and  its  immediate  environs^  fifteen 
miles  long,  and  full  six  broad,  was  by  this  commo- 
tion swallowed  up  in  the  bowels  of  the  earth.  Se- 
veral persons  sent  to  examine  the  condition  of  the 
neighbourhood^  made  report  that  they  found  it  im- 
possible to  approach  the  place  where  the  mountain 
stood,  on  account  of  the  heat  of  the  substances 
which  covered  its  circumference,  and  which  were 
piled  on  each  other ;  although  this  was  the  84th  of 
September,  and  thus  full  six  weeks  after  the  catas- 
trophe. It  is  also  mentioned,  that  forty  villages, 
partly  swallowed  up  by  the  ground,  and  partly  co- 
vered by  the  substances  thrown  out^  were  destroyed 
on  this  occasion,  and  that  two  thousand  nine  hun- 
dred and  fifty-seven  of  the  inhabitants  perished. 
A  proportionate  number  of  cattle  was  also  destroy- 
ed, and  most  of  the  plantations  of  cotton,  indigo, 
and  coffee,  in  the  adjacent  districts,  were  buried 
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under  the  volcanic  matter.  The  effects  of  this  ex- 
plosion are  still  very  apparent  in  the  remains  of 
this  volcano." 

It  has  been  already  stated^  that  the  volcanoes  in 
the  Andes^  more  frequently  throw  out  water  and 
mudj  than  lava.  The  damage  which  these  aque- 
ous and  muddy  eruptions  occasion  is  often  pro- 
digiously great.  Sometimes  the  deluge  of  water 
attending  a  volcanic  explosion^  dqes  not  come  from 
the  interior  of  the  earthy  but  from  the  snow  which 
covers  the  mountain  being  rapidly  dissolved ;  but 
in  other  instances^  it  proceeds  from  the  t^rater. 
Interior  cavities  of  vast  extent  and  deptl^  contain^ 
ing  water^  are  opened  during  an  eruption^  and  the 
water  coming  into  contact  with  ignited  lava^  is 
forcibly  driven  out^  and^  according  to  Humboldt^ 
carries  along  with  it  a  great  quantity  of  small  fishes^ 
which  he  has  denominated  pimelodes  Cyclopum  K 
These  fishes  are  about  four  inches  in  lengthy  and 
are  of  the  same  species  that  inhabit  the  neighbour- 
ing brooks  and  lakes :  the  number  thrown  out  is 
sometimes  so  greats  that  their  putrefaction  con- 
taminates the  air^  and  occasions  serious  maladies 
among  the  inhabitants  of  the  adjacent  country. 

Though  the  water  ejected  from  volcanoes  may 
in  many  instances  be  regarded  as  of  accidental  oc-. 
currence^  I  conceive  it  to  be  different  with  those 
muddy  eruptions^  which  cover  large  tracts  of  coun- 
try with  strata  containing  bituminous  or  inflam-i 

*  It  ought  to  be  stated,  that  the  existence  of  internal  cavities 
fiUed  with  water  supplied  from  the  melted  snow,  is  an  inference 
from  volcanic  phenomena,  which,  however  reasonable  it  may 
appear,  it  is  impossible  to  prove. 

2  A 
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mable  matter :  these  strata  are  as  essentially  vol* 
canic  products^  as  the  matter  thrown  out  of  the 
volcano  of  Macaluba  in  Sicily,  which  never  ejects 
lava ;  and  we  are  hence  instructed,  that  one  of  the 
^bstancesf  which  promotes  volcanic  combustion  is 
bitumen  or  carbon.  The  muddy  ertiption^^  in  the 
Andes,  when  first  ejected,  have  tittle  consistence  or 
tenacity  J  but  they  soon  become  hard,  and  foirm 
what  ts  ciiHed  by  the  inhabitants  moya  ;  it  is  dark 
coloured  and  soils  the  fingers,  and  is  used  instead 
ef  tui-f  for  fueL 

•  Boiling'  springs,  and  thermal  waters,  must  be 
classed  with  volcanic  phenomena ;  for  it  can  scarce- 
ly be  doubted,  that  the  geysers  in  Iceland,  which 
throw  up  columns  of  boiling  water,  at  intervals,  to 
the  height  of  seventy  or  eighty  feet,  are  occa- 
sioned by  the  subterranean  fires  which  extend  un- 
der that  island  :  to  the  same  cause  must  be  ascribed 
the  boiling  fountains  in  the  Island  of  St.  Michael, 
one  of  the  Azores.  The  hot  springs  in  the  vicinity 
of  the  Pyrenees,  in  Italy,  and  in  other  parts  of  the 
world,  may  with  much  probability  be  supposed  to 
have  a  similar  source  of  heat.  The  unvaried 
equality  of  their  temperatures  for  centuries,  proves 
that  this  source  lies  far  below  the  agency  of  those 
causes  which  operate  on  the  surface.  It  has  been 
remarked,  that  hot  springs  are  most  frequent  in 
volcanic  and  basaltic  countries.  Though  no  active 
volcano  exists  in  the  Pyrenees,  M.  Dralet,  in  his 
Description  des  PyrerUes,  says,  "  that  the  hot 
springs  and  frequent  earthquakes  in  different  parts 
of  this  chain,  offer  proofs  of  the  present  operation 
of  subterranean  fires."     Some  notice  of  the  ther- 
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mal  springs  in  the  Alps  has  been  laken^  Chap.  V. 
page  105. 

However  powerful  the  effects  of  subterranean 
.fire  may  be  in  various  parts  of  the  globe^  we  must 
conclude  from  the  remains  of  ancient  volcanoes, 
that  in  a  former  period,  the  action  of  volcanic  fire 
has  been  far  more  extensive  and  intense  than  at 
present. 

According  to  Breislak,  an  Italian  geologist,  in  a 
space  of  twenty  miles  in  length  and  ten  in  breadth, 
between  Naples  and  Cumea,  there  are  no  less  than 
sixty  craters,  some  of  them  are  larger  than  that  of 
Vesuvius ;  one  of  them  is  two  miles  in  diameter. 

The  city  of  Cumea,  founded  twelve  hundr^ 
years  before  the  Christian  ssra,  is  built  in  the  crater 
of  an  ancient  volcano.  In  other  parts  of  Italy, 
there  are  undoubted  vestiges  of  ancient  volcanoes. 
In  Sicily,  there  are  a  number  of  extinct  volcanoes, 
beside  those  connected  with  ^tna.  Many  islands 
in  the  Grecian  Archipelago  are  volcanic.  There 
are  remains  of  large  volcanic  craters  in  Spain  and 
Portugal:  and  the. extinct  volcanic  mountains  in 
the  middle  and  southern  parts  of  France,  cover 
several  thousand  square  miles.  On  the  eastern 
banks  of  the  Rhine,  in  the  Burgan,  and  the  en- 
virons of  Andemach,  there  are  numerous  extinct 
volcanoes. 

It  is  further  to  be  noticed/  that  the  craters  of 
ancient  volcanoes  are  many  of  them  of  far  greater 
size  than  the  present  ones.  Vesuvius  is  a  coifipa* 
ratively  small  cone,  raised  within  the  crater  of  a 
larger  volcano.  The  cone  of  the  Peak  of  Tene- 
riffe,  according  to  the   description  of  travellers, 

2  a2 
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stands  \Vithin  a  volcanic  plain^  containing  twelve 
square  leagues  of  surface^  surrounded  by  perpen- 
dicular precipices  and  mountains^  which  were  the 
border  of  the  ancient  crater.  If  the  opinion  of 
M.  Humboldt  be  correct^  all  these  craters  are  di- 
minutive apertures^  compared  with  the  immense 
chasnid  through  which^  in  remote  ages^  subter- 
ranean fire  has  forced  a  passage  through  the  crust 
of  the  globe. 

''  The  whole  of  the  mountainous  parts  of  Quito/' 
he  says^  ''  may  be  considered  as  one  immense  vol- 
cano^ occupying  more  than  seven  hundred  square 
leagues  of  surface^  and  throwing  out  fiames  by 
different  cones^  known  by  the  denominations  of 
Cotopaxi^  Tungurahua^  and  Pichincha.  In  like 
mantaer/'  he  adds^  "  the  whole  groupe  of  the  Canary 
Islands  is  placed  as  it  were  on  one  submarine  vol- 
cano. The  fire  forces  a  passage  sometimes  through 
ooe^  and  sometimes  through  another  of  these  islands. 
T^neHffe  alone  contains  in  its  centre  an  immense 
pyralpid  terminated  by  a  crater^  and  throwing  put 
from  one  century  to  another^  lava  by  its  flanks. 
In  the  other  Canary  Islands^  the  different  eruptions 
take  place  in  various  parts^  and  we  nowhere  find 
those  isolated  mountains  to  which  volcanic  effects 
are  restrained.  The  basaltic  crust  formed  by  an- 
cient volcanoes  seems  every  where  undermined; 
and  the  currents  of  lava  seen  at  Lahzerote  and 
Palma  remind  us/'  he  adds^  '^  by  every  geological 
affinity^  of  the  eruption  which  took  place  in  1301 
at  the  Isle  of  Ischia^  amid  the  tufas  of  Epimeo.'' 

In  the  preceding  part  of  the  present  chapter,  I 
have  endeavoured  to  give  a  succinct  account  t>f  the 


ANCIENT  VOICAKOES.  357 

most  important  volcanic  phenomena.  The  only 
Ibrmations  of  hard  crystalline  rocks  in  the  present 
day  are  volcanic ;  and  if  we  trace  the  connection 
that  exists  between  modem  and  ancient  volcanic 
rocks^  and  between  the  latter  and  the  rocks  of  trap 
and  porphyry^  among  the  ancient  rock-formations^ 
we  shall  extend  the  dominion  of  Pluto  over  a  large 
portion  of  the  globe. 

Many  of  the  ancient  volcanic  rocks  have  not 
flowed  in  currents  from  limited  apertures^  like  mo- 
dern lavas.     ''The  volcanic  porphyries  on  the  back 
of  the  Cordilleras/'  says  M.  Humboldt^  ''are  un- 
doubtedly of  igneous  origin ;  but  the  mode  of  their 
formation  is  not  like  that  of  modern  lavas^  which 
have  been  erupted  since  the  excavation  of  valleys. 
The  action  of  volcanic  fire  by  an  isolated  cone  or 
crater  of  a  modern  volcano^  differs  necessarily  from 
the  action  of  this  fire^  through  the  fractured  crust 
of  the  globe.''    It  has  been  observed  by  the  same 
geologist^  that  the  further  back  we  can  trace  vol- 
canic eruptions^  the  greater  is  the  similarity  be- 
tween their  products^  and  the  rocks  which  are  re- 
garded as  the  most  ancient ; — hence  the  countries 
that  have  been  the  seats  of  ancient  volcanoes^  are 
particularly  interesting  to  the  geologist.    In  Au- 
vergne  and  the  more  southern  parts  of  France^ 
there  are  extinct  volcanoes  of  different  ages^  cover* 
ing  with  their  products  several  thousand  square 
miles.     The  most  recent  of  these  volcanoes  has 
been  extinct  or  dormant  since  the  records  of  au- 
thentic history^  and  probably  for  a  longer  period. 
Julius  Caesar^  who  was  encamped  on  this  volcanic 
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8oil^  and  has  described  the  country^  makes  no  allu- 
sion to  its  having  been  the  seat  of  active  volcanoes  *. 
West  of  the  town  of  Clermont,  there  is  an  exten- 
sive granitic  plain,  rising  about  sixteen  hundred 
feet  above  the  level  of  the  river  Ailier.  On  this 
plain,  there  are  numerous  cones,  and  dome-shaped 
hills,  varying  in  height  from  twelve  hundred  to  two 
thousand  feet;  some  of  these  cones  have  well-pre- 
served craters,  and  the  cones  themselves  are  chiefly 
formed  of  scoriaceous  lava.  These  are  the  most 
recent  volcanoes  of  that  country;  their  products 
differ  in  no  respect  from  those  of  modern  volca- 
noes, except  that  the  lava  may  often  be  observed 
passing  to  the  state  of  compact  basalt,  exactly  si- 
milar to  many  of  the  basaltic  rocks  in  Great  Britain. 
That  these  volcanoes  are  the  most  recent,  is  proved 
by  the  lava  flowing  down  from  them  into  the  pre- 
sent valleys;  and  hence  we  are  certain,  that  the 
eroptions  must  have  taken  place,  subsequently  to 
the  excavation  of  the  valleys.  There  are  other 
currents  of  lava  from  more  ancient  volcanoes,  that 
have  flowed  before  the  valleys  were  excavated,  and 
form  isolated  caps  on  the  hills  that  inclose  the  pre* 
sent  valleys.     These  currents  of  lava  are  composed 

•  I  visited  tlie  extinct  volcanoes  of  France  in  the  spring  of 
18^2,  aod  published  an  acccNint  of  them  in  the  2nd  volume  of 
my  Travels,  accompanied  vith  cuts,  and  a  section  and  outline  of 
the  country  round  Clermont,  which  is  I  believe  the  first  attempt 
to' render  in  this  manner  the  structure  of  this  volcanic  district 
intelligible  to  the  general  reader.  Without  the  aid  of  sections 
and  diagrams,  it  is  difficult  to  obtain  a  distinct  notion  of  the 
relative  position  of  the  different  volcanic  formations. 
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chiefly  of  compact  basalt:  the  position  of  these  iso- 
lated caps  of  basalt,  is  similar  to  that  on  the  hill  hy 
(Plate  3.  fig.  2.)  but  they  are«not  always  columnar. 
The  openings  from  whence  these  beds  of  basalt 
have  flowed>  cannot  be  always  traced;  but  as  we 
can  observe  the  change  from  scoriaceous.lava  to 
basalt  in  the  currents  of  undoubted  lava,  we  cannot 
hesitate  to  admit,  that  the  basalt  which  forms  these 
caps,  must  have  had  a  similar  origin.  Under  the 
caps  of  basalt,  there  are  in  many  situations  thick 
beds  of  volcanic  tufa,  containing  bitumen,  which 
will  be  subsequently  noticed.  Beside  the  volcanoes 
with  craters,  that  have  ejected  currents  of  scori- 
aceous  lava  and  basalt,  and  poured  them  into  the 
valleys;  and  beside  the  more  ancient  volcanoes,  that 
have  formed  beds  of  basalt  before  the  excavation 
of  the  valleys^ — there  are  other  volcanic  mountains, 
which  have  rounded  summits  or  domes,  without 
any  perforation  or  crater,  and  these  are  chiefly 
composed  of  whitish  or  gray  earthy  felspar,  con- 
taining imbedded  crystals  of  felspar :  to  thi»  rock 
the  name  of  trachyte  has  been  given  on  account  of 
its  rough  fracture.  It  may  be  properly  called  a 
volcanic  porphyry. 

The  first,  or  more  recent  volcanoes,  resemble  in 
every  particular  the*  existing  volcanoes  in  various 
parts  of  the  world ;  and  the  currents  of  lava  may 
be  traced  from  their  sides  along  the  granitic  plane 
on  which  the  volcanoes  stand,  and  thence  into  the 
adjacent  valleys  for  many  miles.  The  lava  appears 
as  fresh  as  the  recent  lavas  from  Vesuvius,  though 
it  has  been  exposed  to  the  action  of  the  atmosphere 
for  some  thousand  years.     The  Puy  de  Pariou  is 


S60  PDY  DE  PARIOU. 

the  most  perfect  of  these  volcanic  cones.  The  fol- 
lowing description  of  it  is  taken  from  the  Snd  vo- 
lume of  my  Travels.* ''  We  were  one  hour  in  going 
from  La  Barraque,  a  mountain  village^  to  the  foot 
of  the  Puy  de  Pariou^  where  we  left  our  char^  and 
another  hour  in  ascending  to  the  summit^  as  we 
halted  several  times  to  rest.  As  nearly  as  I  could 
estimate^  the  summit  of  this  mountain  rises  about 
one  thousand  feet  above  the  plain^  and  is  therefore 
about  three  thousand  eight  hundred  feet  above  the 
level  of  the  sea.  The  crater^  which  is  the  best 
preserved  of  any  in  Auvergne^  is  nearly  circular. 
I  walked  round  it^  and  its  circumference  is  about 
eight  hundred  yards.  Its  shape  is  that  of  an  in- 
verted cone  or  funnel  quite  perfect.  The  edge  or 
rim  of  the  crater  is  narrow^  from  which  the  descent 
or  slope  is  very  rapid  on  each  side  ;  the  depth  of 
the  crater  from  the  highest  part  of  the  edge  (which 
is  on  the  southern  side)  to  the  small  plain  at  the 
bottom^  may  be  about  three  hundred  and  twenty 
feet ;  and  from  the  western  side^  about  two  hundred 
and  sixty  English  feet  The  lava  which  flowed 
from  Pariou  to  La  Barraque^  and  thence  towards 
the  plain  of  Clermont^  is  generally  supposed  to 
have  issued  from  the  crater;  but  had  this  been  the 
case^  the  crater  would  not  have  been  so  entire  as  it 
is;  and  I  am  fully  convinced  that  the  eruption  of 
such  a  mass  of  lava^  must  have  broken  down  one 
of  the  sides^  as  at  Nugere^  which  we  afterwards 
visited,  and  the  Puy  de  Vache.  There  appears,  I 
think,  decisive  marks  of  the  lava  having  flowed 
from  an  opening  on  the  north-east  side  of  the 
mountain,  to  which  it  may  be  traced.     Indeed  on 
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S6S  PUY  DE  PARIOU. 

this  side  there  are  the  indications  of  a  much  larger 
crater^  which  has  its  escarpments  turned  towards 
the  Puy  de  Pariou  like  those  of  Mount  Somma^ 
which  are  turned  towards  Vesuvius.  The  Puy  de 
Pariou^  was  in  all  probability  a  volcanic  cone 
formed  within  the  larger  crater  by  its  last  eruption 
of  scoriae. 

"  The  annexed  cut^  from  a  drawing  I  made  near 
the  foot  of  the  mountain^  represents  the  external 
shape  of  the  Puy  de  Pariou^  and  the  dotted  lines 
show  the  form  and  the  relative  depth  of  the  crater^ 
the  bottom  of  which^  a  a,  is  about  three  hundred 
and  twenty  feet  below  the  highest  part  of  the  rim  c. 
The  current  of  lava^  6  h,  is  on  the  north-east  side 
of  the  present  mountain.  The  internal  shape  of 
Pariou  approaches  to  quadrilateral,  or  is  that  of 
a  cone  compressed  on  each  side,  and  somewhat 
elongated  from  north  to  south.  The  bottom  of  the 
crater  is  nearly  flat ;  there  was  a  little  water,  from 
the  recent  melting  of  the  snow,  remaining  in  some 
of  the  hollows :  indeed  we  were  told  at  Clermont, 
that  we  should  find  the  cmter  filled  with  snow.  It 
was  early  in  May;  but  the  snow  was  gone,  and  grass 
was  growing  in  some  parts ;  others  were  covered 
with  loose  masses  of  scorise.  Owing  to  the  great 
porosity  of  the  soil,  the  crater  of  Pariou  seems 
doomed  to  perpetual  sterility, — there  is  no  tree  or 
shrub  within  it;  while  that  of  Vesuvius,  after  a  ces- 
sation of  eruptions  for  only  four  centuries,  was  co- 
vered with  large  chesnut  trees." — Vol.  ii.  page  307. 

In  the  Puy  de  Pariou,  and  many  other  volcanic 
mountains  of  this  district,  there  is  nothing  particu- 
larly remarkable,  except,  that  the  lavas  which  have 
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flowed  from  them  at  a  remote  period,  should  pre- 
serve all  the  freshness  of  recent  lavas,  and  that  vol- 
canoes so  well  characterized,  both  by  their  forms 
and  mineral  products,  should  have  remained  unno- 
ticed until  the  middle  of  the  last  century.  The 
round-topped  or  dome-shaped  hill  on  the  left  of  the 
Puy  de  Pariou  is  called  Sarcoui ;  it  belongs  to  that 
class  of  volcanoes  that  have  no  craters,  which  will 
subsequently  be  noticed.  The  more  ancient  vol- 
canoes, that  have  poured  out  the  thick  beds  of  ba- 
salt that  cap  many  of  the  valleys  round  Clermont, 
cannot  always  be  traced,  as  the  openings  from 
whence  it  issued,  may  be  covered  by  the  lava  of 
more  recent  eruptions.  But  in  order  to  obtain  a 
more  distinct  idea  of  the  position  of  these  caps  of 
basalt,  it  will  be  necessary  to  remark,  that  the 
granitic  plain  above  Clermont,  and  the  hollows  or 
valleys  in  its  sides,  received  their  present  form  prior 
to  the  most  ancient  volcanic 'eruptions;  these  hol« 
lows,  or  ancient  valleys,  were  probably  basins  or 
lakes,  in  which  were  deposited  a  vast  thickness  of 
calcareous  strata,  containing  freshwater  shells^  and 
the  bones  of  land  quadrupeds.  Into  these  lakes^ 
there  has  flowed  a  vast  mass  of  volcanic  tufa,  co- 
vering the  limestone,  and  sometimes  intermixed 
with  it.  The  volcanic  tufa,  and  the  freshwater 
strata,  appear  to  have  filled  up  the  ancient  valleys 
or  lakes ;  and  on  this  tufa,  the  basalt  was  deposited 
by  a  subsequent  eruption.  At  a  later  period,  di- 
luvial currents  have  furrowed  excavations  or  new 
valleys  in  the  basalt,  the  subjacent  tufa^  and  the 
freshwater  limestone,  leaving  detached  portions  or 
hills,  composed  of  basalt,  tufa,  and  limestone,  which 


358  EXTINCT  VOLCANOES  IN  FRANCE. 

8oiI^  and  has  described  the  country^  makes  no  allu- 
sion to  its  having  been  the  seat  of  active  volcanoes^. 
West  of  the  town  of  Clermont,  there  is  an  exten- 
sive granitic  plain^  rising  about  sixteen  hundred 
feet  above  the  level  of  the  river  Ailier.  On  this 
plain,  there  are  numerous  cones,  and  dome-shaped 
hills,  varying  in  height  from  twelve  hundred  to  two 
thousand  feet;  some  of  these  cones  have  well-pre- 
served craters^  and  the  cones  themselves  are  chiefly 
formed  of  scoriaceous  lava.  These  are  the  most 
recent  volcanoes  of  that  country;  their  products 
difl^er  in  no  respect  from  those  of  modern  volca- 
noes, except  that  the  lava  may  often  be  observed 
passing  to  the  state  of  compact  basalt,  exactly  si- 
milar to  many  of  the  basaltic  rocks  in  Great  Britain. 
That  these  volcanoes  are  the  most  recent^  is  proved 
by  the  lava  flowing  down  from  them  into  the  pre* 
sent  valleys;  and  hence  we  are  certain,  that  the 
emptions  roust  have  taken  place^  subsequently  to 
the  excavation  of  the  valleys.  There  are  other 
currents  of  lava  from  more  ancient  volcanoes,  that 
have  flowed  before  the  valleys  were  excavated^  and 
form  isolated  caps  on  the  hills  that  inclose  the  pre- 
sent valleys.     These  currents  of  lava  are  composed 

•  1  visited  the  extinct  volcanoes  of  France  in  the  spring  of 
1S%%  and  published  an  account  of  them  in  the  2nd  volame  of 
my  Travels,  accompanied  with  cuts,  and  a  section  and  outline  of 
the  country  round  Clermont,  which  is  I  believe  the  first  attempt 
to  render  in  this  manner  the  structure  of  this  volcanic  district 
intelligible  to  the  general  reader.  Without  the  aid  of  sections 
and  diagrams,  it  is  difficult  to  obtain  a  distinct  notion  of  the 
relative  position  of  the  different  volcanic  formations. 
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chiefly  of  compact  basalt:  the  position  of  these  iso- 
lated caps  of  basalt^  is  similar  to  that  on  the  hill  b, 
(Plate  3.  fig.  2.)  but  they  are-not  always  columnar. 
The  openings  from  whence  these  beds  of  basalt 
have  flowed^  cannot  be  always  traced ;  but  as  we 
can  observe  the  change  from  scoriaceous.lava  to 
basalt  in  the  currents  of  undoubted  lava^  we  cannot 
hesitate  to  admits  that  the  basalt  which  forms  these 
caps,  must  have  had  a  similar  origin.  Under  the 
caps  of  basalt,  there  are  in  many  situations  thick 
beds  of  volcanic  tufa,  containing,  bitumen^  which 
w ill  be  subsequently  noticed.  Beside  the  volcanoes 
with  craters,  that  have  ejected  currents  of  scori- 
aceous  lava  and  basalt,  and  poured  them  into  the 
-  valleys ;  and  beside  the  more  ancient  volcanoes,  that 
have  formed  beds  of  basalt  before  the  excavation 
of  the  valleys^ — there  are  other  volcanic  mountains, 
which  have  rounded  summits  or  domes,  without 
any  perforation  or  crater,  and  these  are  chiefly 
composed  of  whitish  or  gray  earthy  felspar^  con- 
taining imbedded  crystals  of  felspar :  to  this  rock 
the  name  of  trachyte  has  been  given  on  account  of 
its  rough  fracture.  It  may  be  properly  called  a 
volcanic  porphyry. 

The  first,  or  more  recent  volcanoes,  resemble  in 
every  particular  the*  existing  volcanoes  in  various 
parts  of  the  world ;  and  the  currents  of  lava  may 
•  be  traced  from  their  sides  along  the  granitic  plane 
on  which  the  volcanoes  stand,  and  thence  into  the 
adjacent  valleys  for  many  miles.  The  lava  appears 
as  fresh  as  the  recent  lavas  from  Vesuvius,  though 
it  has  been  exposed  to  the  action  of  the  atmosphere 
for  some  thousand  years.     The  Puy  de  Pariou  is 
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in  the  middle  of  this  spong;y  mass^  lumps  of  scori- 
aceous  lava  are  sometimes  found.  It  has  been  ob* 
jected  to  the  formation  of  trachyte  or  volcanic  por- 
phyry from  graqite^  that  it  contains  a  very  small 
portion  of  quartz ;  but  in  this  respect^  it  resembles 
many  granite ,  rocks  in  Auvergne^  in  which  the 
quartz  is  scarcely  perceptible. 

In  the  volcanic  districts  south  of  Clermont^  the 
porphyry  becomes  more  coippact^  and  assumes  the 
hardest  slate  of  that  rock  ;  the  base  of  the  stone  is 
sometimes  green^  and  the  crystals  of  felspar  white: 
it  will  receive. a  ine  polish  like  the  green  porphyry 
of  the  ancients. 

The  basaltic  rocks  also  extend  south  of  Clermont^ 
into  the  districts  called  the  Velay  and  Viverrais^ 
and  cover  a  great  portion  of  the  soil.  Near  Mon- 
pezat^  Tbueys  and  Jaujac^  according  to  M .  Faujas 
St.  Fond^  there  are  small  volcanic  mountains^  with 
distinct  currents  of  lava^  that  appear  to  issue  from 
their  feet,  and  flow  into  the  valleys.  The  lower 
part  of  the  lava  i^  scoriaceous,  but  the  upper  part 
is  hard  sonorous  basalt,  arranged  in  columns  as 
perfect  as  those  of  Staffa  or  the  Giant's  Causeway. 
We  have  here  a  decisive  proof  of  the  igneous  for- 
mation of  columnar  basaltic  rocks.  ^'  The  basaltic 
formation  extends  into  the  South  of  France,  to  the 
borders  of  the  Mediterranean  Sea,  where,  near  to 
Adge^  is  the  extinct  volcano  of  Saint  Loup,  the 
cellular  lava  of  which,  is  employed  in  the  con- 
struction of  buildings  on  the  canal  of  Languedoc.*' 
-r-Dauhuisson* . 

♦  In  the  article  ''  Volcano,"  which  I  wrote  for  Dr.  Rees's  Cy- 
clopaedia, I  endeavoured  to  collect  all  the  most  important  details 


PSEUDO  OR  FALSE  VOLCANOES.  367 

Pseudo  Volcanoes. — ^To  the  accidental  combus- 
tion of  beds  of  coal^  the  Germans  have  given  the 
name  of  Pseudo  volcanoes.  There  are  instances  of 
coal  mines  having  been  on  fire  for  many  years  ;  but 
they  are  too  limited  in  extent  or  activity^  to  bear 
any  comparison  with  volcanic  fires.  Near  Bilston 
in  Staffordshire^  there  are  coal  mines  which  have 
been  continually  burning  for  a  long  period;  the 
effect  of  the  fire  on  the  beds  of  clay  deserves  notice^ 
as  it  converts  them  into  a  substance  resembling 
jasper. 

There  have  been  instances  of  portions  of  the 
cliffs  of  England  taking  fire  spontaneously,  and 
burning  for  a  considerable  time  ;  this  is  at  present 
the  case  in  a  cliff  near  Weymouth.  In  the  last  cen- 
tury, afler  a  hot  summer  and  heavy  rains,  the  cliff 
near  Charmouth  in  Dorsetshire,  took  fire,  and  con- 
tinued burning  for  several  months.  When  portions 
of  the  cliffs  near  Whitby  in  Yorkshire  fell  upon  the 
beach,  and  become  moistened,  they  are  sometimes 
spontaneously  ignited..  The  same  effect  takes 
place  in  the  Staffordshire  coal  mines  :  when  parts 
of  the  bed  of  indurated  clay  which  forms  the  roof 
of  the  coal  fall  down,  and  become  moistened,  it 
takes  fire  spontaneously ;  and  hence  this  combus- 
tible clay  is  provincially  called  ^ou).  All  these  ^in- 
stances of  spontaneous  combustion  admit  of  a  satis- 
factory explanation.  The  cliffs. of  Charmouth  and 
Whitby  are  composed  of  lias  clay,  much  intermixed 

of  volcanic  phenomena  then  known,  and  have  given  an  account  of 
different  experiments  made  on  lava  by  Spallanzani  and  others, 
vrhich  the  Hmits  of  the  present  volume  will  not  allow  me  to  no- 
tice. 
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with  bituminous  and  carbonaceous  matter,  and  the 
sulphuret  of  iron  (iron  pyrites) :  such  is  also  the 
composition  of  the  inflammable  clay  which  forms 
the  roof  of  the  coal  in  Staffordshire;  and  the  clunch- 
clay  which  forms  the  cliffs  near  Weymouth^  is  ge- 
nerally very  similar  in  composition  to  the  lias  clay 
of  Charmouth  and  Whitby.  Iron  pyrites  abounds 
in  these  cliffs ;  and  it  is  a  well  known  property  of 
this  mineral^  to  decompose  rapidly  when  laid  in 
heaps  and  moistened  with  water.  During  this  rapid 
decomposition^  sufficient  heat  is  evolved  to  ignite  the 
bituminous  matter  in  the  clay  :  and  the  clay  when 
once  ignited^  will  burn  for  a  long  period ;— >this  is 
proved  in  the  process  employed  for  making  alum 
at  Whitby.  There  can  be  little  doubt  that  this 
spontaneous  combustion  might  be  imitated  artifi- 
cially by  mixing  pyrites  and  bituminous  clay  of 
shale^  and  moistening  the  heap  with  water.  The 
experiment  of  Leroery  is  well  known :  he  mixed 
twenty-five  pounds  of  powdered  sulphur  with  an 
equal  weight  of  iron  filings ;  and  having  made  with 
water  a  paste  of  the  mixture,  he  put  it  into  an  iron 
pot  covered  with  a  clothe  and  buried  it  a  foot  under 
ground.  In  about  eight  hours  the  earth  swelled 
and  cracked^  and  hot  sulphureous  vapours  were 
exhaled ;  a  flame  was  observed  to  issue  through  the 
cracks,  and  the  ground  was  covered  with  a  yellow 
and  black  powder :  thus  a  subterraneous  fire  was 
produced  by  the  chemical  combination  of  sulphur, 
iron^  and  water.  In  the  cliffs  of  Charmouth^  Whitby, 
and  Weymouth,  we  have  precisely  the  same  mi- 
neral substances  combined,  that  are  used  in  the  ex- 
periment of  Lemery. 
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The  earth  itself  is  in  all  probability  the  great 
laboratory^  in  whicb^  by  the  aid  of  subterranean 
heat^  are  combined  and  prepared  the  mineral  sub- 
stances that  compose  the  hard  crystalline  crust  of 
the  globe.  AH  the  minerals  which  form  primary 
rocks^  occur  in  a  perfect  state  in  modern  or  ancient 
lava.  The  substances  ejected  through  fissures  in 
the  earthy  or  volcanoes^  belong  to  the  four  grand 
divisions  of  the  mineral  kingdom^ — the  inflam- 
mable, saline,  metallic,  or  earthy. 

The  inflammable  substances  are  sulphur,  carbon, 
and  hydrogen.  Though  sulphur  may  be  one  of  the 
supporters  of  volcanic  combustion^  its  inflammable 
nature  prevents  its  being  found  in  lava  in  a  solid 
form  ;  during  volcanic  eruptions  it  is  evolved  in  a 
gaseous  state,  combined  virith  hydrogen.  It  is  also 
sublimed  from  the  fissures  of  extinct  or  dormant 
volcanoes^  and  forms  thick  incrustations  on  the  sides 
of  the  craters.  Almost  all  the  sulphur  of  commerce 
in  Europe  is  procured  from  the  craters  of  dormant 
vblcanoes  in  the  South  of  Italy,  Sicily,  and  the  Li- 
pari  Islands.  When  the  combustion  of  sulphur  in 
volcanoes  takes  place  where  there  is  access  to  at- 
mospheric air,  it  forms  sulphureous  acid  gas,  and 
sulphuric  acid. 

Carbon  combined  with  hydrogen,  forming  bitu- 
men, is  found  in  volcanic  rocks.  The  volcanic  tufa 
in  the  vicinity  of  Clermont  in  France,  contains  so 
much  bitumen,  that  in  warm  days  it  oozes  out,  and 
forms  streams  of  bitumen  resembling  pitch,  which 
is  the  more  remarkable^  as  this  tufa  must  have 
been  erupted  some  thousand  years.  Bitumen  has 
been  observed  oozing  out  of  the  lava  of  iEtna.  The 

2b 
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moya  erupted  frofti  the  volcanoes  in  the  Andes  in 
aqueous  or  muddy  eruptions^  contains  so  much  bi^ 
tumen  or  carbon^  as  to  be  inflammable.  As  bitumen 
exists  in  many  volcanic  rocks^  the  black  smoke 
which  issues  during*  an  eruption^  may  proceed  from 
its  combustion^  though  it  has  generally  been  sup* 
posed  to  consist  of  minute  volcanic  sand^  called 
ashes.  Carbon  also  combines  with  hydrogen  in  a 
gaseous  state^  and  forms  carburetted  hydrogen  gas. 
The  hydrogen-  gas  evolved  from  volcjinoes^  or 
from  chasms  in  the  earth  during  earthquakes^  is 
generally  combined  with  sulphur  or  carbon  ;  it  is 
probably  formed  by  the  decomposition  of  water^ 
when  it  finds  access  to  subterranean  fire.  Whe* 
ther  phosphorus  be  a  product  of  volcanoes  is  un- 
known :  its  extreme  inflammability  prevents  it  from 
being  discovered  in  a  concrete  form ;  but  the  dense 
white  clouds  like  bales  of  cotton^  which  sometimes 
cover  Vesuvius^  resemble  the  fumes  produced  by 
the  combustion  of  phosphorus.  Among  the  pro* 
ducts  of  volcanoes^  only  three  are  combustible  at  a 
moderate  temperature  ;—^sulphur^  hydrogen^  and 
carbon.  It  has  been  conjectured  by  Sir  H.  Davy^ 
that  the  earths  and  alkalies  which  form  lavas^  exist 
in  the  centre  of  the  globe  in  a  metallic  state^  and 
take  fire  by  the  access  of  water.  This  property  of 
the  newly  discovered  metals^  to  inflame  instantly 
on  the  access  of  water^  by  which  they  are  converted 
into  earths  or  alkalies^  offers  an  easy  explanation 
of  the  origin  of  volcanic  fires^  could  we  suppose 
that  substances  so  extremely  inflammable  and  ox- 
idable^  have  remained  for  ages  in  a  metallic  state. 
There  may^  however^  be  processes  going  on  in 
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the  vast  laboratory  of  the  globe^  that  separate  the 
earths  from  oxygen,  and  prepare  them  for  the  sup- 
port of  volcanic  fires,  by  which  they  are  thrown 
upon  the  surface,  and  thus  establish  &  communi- 
cation between  the  internal  and  external  parts  of 
our  planet. 

The  saline  products  of  volcanoes  are  not  nume- 
rous. The  sulphureous  and  sulphuric  acids  formed 
by  the  combustion  of  sulphur  during  eruptions,  act 
upon  lavas  and  rocks,  and  produce  different  combi- 
nations, of  which  the  most  important-  are  alum, 
sulphate  of  magnesia,  of  iron,  or  green  copperas 
and  gypsum.  Muriat  of  ammonia  or  sal-ammoniac 
forms  an  incrustation  on  many  lavas  soon  after 
they  cool :  muriat  of  soda  or  common  salt,  and  mu- 
fiat  of  copper  and  of  iron,  are  found  in  the  craters 
of  volcanoes.  Muriatic  acid  in  an  uncombined  state 
occurs  in  some  of  the  spongy  lavas  in  Ativergne. 

The  principal  metallic  substances  in  volcanic 
rocks,  are  iron  and  titanium ;  but  ores  of  antimony, 
copper,  and  manganese,  have  sometimes  been 
found  in  the  craters  of  volcanoes.  Tellurium,  gold 
and  mercury,  are  also  said  to  occur  in  some  volcanic 
rocks.  The  island  of  Ischia,  which  is  entirely 
volcanic,  contains  a  mine  of  gold. 

Iron,  in  the  form  of  brilliant  lamina,  called  spe- 
cular iron,  occurs  in  the  cavities  and  fissures  of 
many  lavas.  Magnetic  iron-ore,  and  oxide  of  iron^ 
with  iron-sand  and  titanium,  form  a  constituent  part 
of  nearly  all  dark*coloured'  lavas  or  basalt. 

The  earthy  products  of  volcanoes  are  either  vi- 
treous, or  stony,  or  scoriaceous^  or  spongy,  or  in 

SbS 
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loose  grains  or  powder.  Volcanic  rocks  are  com- 
posed chiefly  of  felspar^  and  the  dark*coIoured  mi- 
neral called  augite ;  they  contain  also  hornblende 
and  grains  of  magnetic  iron  ore^  with  titanium  and 
iron-sand^  and  the  mineral  called  olivine.  Mica^ 
leucite,  iron  pyrites^  garnets^  rubies^  and  zircon^ 
are  also  found  in  some  volcanic  rocks.  The  differ- 
ent states  of  lava,  whether  vitreous^  compact^  or  sco- 
riaceous^  depend  on  the  different  circumstances 
under  which  it  has  cooled. — See  page  813. 

Volcanic  rocks  being  principally  composed  of  the 
two  mine^^s  felspar  and  augite  very  minutely  in- 
termixed^ they  derive  their  principal  characters 
from  the  prevalence  of  one  or  other  of  these  mine- 
rals. Those  lavas  in  which  felspar  greatly  predo- 
minates^ have  generally  a  whitish  or  grayish  co- 
lour^ and  melt  into  a  white  glass.  The  lavas  which, 
contain  a  large  portion  of  augite^  have  a  dark  co- 
lour^ and  melt  into  a  black  glass.  According  to 
M.  Cordier^  all  volcanic  rocks  that  have  ilowed  as 
lavaj  and  which  appear  the  most  homogeneous^  are 
composed  of  microscopic  cry&talline  particles^  be- 
longing to  a  small  number  of  minerals^  particularly 
felspar^  augite^  olivine^  and  iron-sand ;  and  the 
same  intermixture  of  minerals  may  be  observed  in 
all  scoriaceous  lava  and  in  basalt. — See  page  188. 
To  the  white  or  gray  lava  composed  principally  of 
felspar^  the  French  have  given  the  name  of  trachyte, 
from  its  breaking  with  a  rough  sur&ce. 

Trachyte. — Common  or  stony  trachyte^  has  ge- 
nerally a  whitish  or  grayish  colour^  a  dull  earthy 
fracture^  and  is  more  or  less  fine-grained ;  some- 
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times. the  grains  are  very  minute^  and  it  has  then  a 
compact  surface^  and  sometimes  a  glistening  lustre^ 
in  which  state  it  becomes  pearl-stone.    Its  hardness 
is  variable ;  some  of  the  trachytes  near  Clermont 
are  spongy,  and  almost  friable.     Trachyte  melts 
readily  into  a  grayish  glass;  it  generally  contains 
imbedded  crystals  of  vitreous  felspar.    Acicular  or 
needle-shaped  crystals  of  hornblende^  hexagonal 
crystals  of  mica^  and  grains  of  iron-sand^  and  la- 
minae of  specular  iron  ore,  occur  in  trachyte.    Au* 
g'ite  is  seldom  found  in  the  trachyte  of  Europe, 
though  it  is  common  in  the  trachytes  of  the  Andes. 
The  clay-stone  of    Braid  Hill  near   Edinburgh 
nearly  resembles  some  of  the  trachytes  in   Au- 
vergne,  but  it  is  not  porphyritic.     Trachyte  may 
be  regarded  as  an  earthy  form  of  felspar;  it  is  there- 
fore unnecessary  to  speak  of  its  constituent  parts. 
To  the  variety  of  trachyte  on  the  Puy  de  Dome, 
M.  Von  Buch  has  given  the  name  of  domite, — a  term 
which  the  French  geologists  have  properly  re- 
jected, as  it  is  only  common  trachyte,  rather  whiter 
than  some  of  the  other  varieties.     It  has  before 
been  stated,  that  the  trachytes  in  Auvergne  were 
probably  formed  by  the  more  or  less  perfect  fusion 
of  granite ;  like  the  granite  of  that  district,  they 
contain  but  a  very  small  portion  of  quartz. 

Trachyte  occurs  in  the  Lipari  Islands  in  a  per- 
fectly vitreous  state,  forming  obsidian  or  volcanic 
g^lass,  which  is  sometimes  colourless,  and  some- 
times black  ;  the  black  variety,  however,  forms  a 
white  glass  when  melted.  The  colouring  matter 
being  fugitive,  is  probably  bitumen  :  in  this  respect 
it  differs  from  obsidian  formed  from  dark  lava  or 
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basalt^  the  latter  melts  into  a  bhck  gbss.  Pumice 
appears  to  have  been  formed  from  felspar  or  tra« 
cbyte^  exposed  to  an  inteoBe  heat^  ivhich  has  re- 
duced it  to  a  fibrous  mass. 

The  island  of  Lipari  contains  a  mountain  en- 
tirely formed  of  white  pumice:  when  seen  at  a 
distance^  it  excites  the  idea«  that  it  is  covered  with 
snow  from  the  summit  to  the  foot.  Almost  all  the 
pumice-stone  employed  in  commerce^  is  brought 
from  this  immense  mine.  The  mountain  is  not  one 
Qompact  mass^  but  is  composed  of  balls  or  globes 
of  pumice  aggregated  together^  but  without  adhe- 
sion. From  h^ce  Spallanzani  infers  that  the  pu- 
mice was  thrown  out  of  a  volcano  in  a  state  of 
fusion^  and  took  a  globose  form  in  the  air.  Some 
of  these  balls  of  pumice  do  not  exceed  the  size  of  a 
nut^  others  are  a  foot  or  more  in  diameiar.  Many 
of  these  pumices  are  so  compact^  that  no  pores  or 
filaments  are  visible  to  the  eye ;  when  viewed  with 
a  lens«  they  appear  like  an  accumulation  of  smaU 
flakes  of  ice.  Though  apparently  compact,  they 
swim  on  water.  Other  pumices  contain  pores  and 
cavities^  and  are  composed  of  shining  white  fila- 
ments. By  a  long  continued  beat,  pumice-atone 
melts  into  a  vitreous  semi-transparent  mass,  in 
which  a  number  of  small  crystals  of  white  felspar 
are  seen.  Black  or  dark-coloured  pumice  is  more 
uncommon.  Humboldt  says,  he  has  seen  black  pu- 
mice in  which  augite  and  hornblende  may  be  re- 
cognised; he  is  inclined  to  think  that  such  sub- 
stances owe  their  origin  to  basaltic  lavas,  which 
have  assumed  a  capillary  or  fibrous  form  by  intense 
heat. 
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ImmeMe  quantities  of  pumice'  are  sometioies 
thrown  up  by  submarine  volcanoes.  It  has  been 
seen  floating  upon  the  sea  over  a  space  of  three 
hundred  miles,  at  a  g^reat  distance  from  any  known 
volcano ;  and  from  hence  it  may  be  inferred,  that 
submarine  vcdcanoes  sometimes  break  out  at  such 
vast  depths  under  the  ocean,  that  none  of  their 
products  reach  the  Hixrfkce,  except  such  as  are 
lig^hter  than  water. 

Obsidian  or  volcanic  glass  so  nearly  resembles 
lumps  of  black  glass,  that  they  can  scarcely  be  dis* 
tinguisbed  by  the  unpractised  observer.  Its  broken 
surface  is  smooth,  conchoidal,  and  shining:  the 
most  common  colour  of  obsidian  is  a  velvet  black. 
The  tiiinner  pieces  are  translucent.  It  is  harder 
than  glass,  and  strikes  fire  with  steel.  It  is  common 
in  the  neighbourhood  of  volcanoes,  and  in  some 
basaltic  formations.  The  obsidian  accompanying 
basalt,  contains  a  large  portion  of  augite,  and  meUs 
into  a  black  glass  as  before  mentioned ;  in  other 
respects  its  mineral  characters  are  the  same  as 
those  of  obsidian  from  trachyte.  In  Lipari,  one  of 
the  volcanic  isles,  the  mountain  de  k  Castagna> 
according  to  Spallanzani,  is  wholly  composed  of 
volcanic  glass,  which  appears  to  have  flowed  in 
successive  currents,  like  streams  of  water,  falling 
with  a  rapid  descent  and  suddenly  frozen.  This 
glass  is  sometimes  compact,  and  sometimes  porous 
and  spongy*  Numerous  veins  of  obsidian  are  said 
to  intersect  the  cone  of  Mount  Vesuvius,  and  serve 
as  a  cement,  to  keep  together  the  loose  materials 
of  which  it  is  composed. 

On  the  elevated  plain  which  surrounds  the  co- 
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nical  peak  of  Teneriffe^  there  are  masses  of  obsi- 
dian^ which  graduates  into  pitchstone^  containing^ 
crystals  of  white  felspar.  On  the  south-west  side 
of  the  peak^  there  is  a  stream  of  vitreous  lava  or 
obsidian  several  miles  in  length.  Colonel  Imrie 
describes  a  current  of  lava  in  the  island  of  Felicuda 
intermixed  with  obsidian^  which  had  been  flowing 
with  it^  and  now  formed  part  of  the  congealed 
stream.  ''In  some  parts  the  obsidian  is  seen  losing 
its  brilliancy^  and  passing  into  granular  lava^  which 
becomes  similar  in  colour^  fracture^  and  texture,  to 
the  other  parts  of  the  stream.  Where  the  obsi- 
dian appears  in  a  state  of  perfect  glass^  it  is  very 
near  to  where  it  has  been  first  ejected  from  the 
side  of  the  crater^  and  in  a  situation  where  it  must 
have  undergone  a  rapid  cooling.  In  some  parts 
of  these  congealed  streams,  I  could  trace  a  transi- 
tion of  the  obsidian  into  pumice.  In  these  places^ 
the  obsidian  contained  scattered  air  globules,  which 
were  almost  always  lengthened  in  the  direction  of 
the  stream.  These  globules  gradually  augmented 
in  number,  until  the  whole  substance  became  a 
light,  fragile,  and  frothy  pumice*."  Obsidian  is 
found  in  the  crater  of  Vulcano,  one  of  the  ^olian 
islands,  and  may  be  seen  forming  there  at  the  pre- 
sent time. 

Rocks  of  trachyte  sometimes,  though  rarely,  have 
a  columnar  structure;  owing  to  the  facility  with 
which  trachyte  breaks  down,  it  forms  beds  of  con-> 
glomerate  intermixed  with  scorice  and  pumice. 
The  more  finely  comminuted  parts  of  trachyte^ 

*  Memoirs  of  the  Weraerian  Society,  vol.  ii.  p.  47. 
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intermixed  with  earthy  matter^  form  beds  of  tufa. 
These  beds  of  congloinerate  and  tufa  frequently 
environ  trachytic  mountains^  and  hide  from  the 
view  of  the  geolog^ist^  their  connection  with  the 
subjacent  rocks. 

When  trachyte  becomes  compact  and  hard^  and 
acquires  a  laminar  or  slaty  structure^  it  passes  into 
clinkstone  or  phonolite^  so  called  on  account  of  its 
yielding  a  metallic  sounds  when  struck. — See  Chap. 
V.  where  it  is  observed^  that  dark  lava  or  basalt  also 
passes  into  clinkstone.  Thus  it  appears  that  both 
the  h'ght-coloured  lava  or  trachyte^  and  the  dark- 
coloured  lava  or  basalt^  according  to  the  different 
degrees  of  heat  to  which  they  have  been  subjected^ 
or  the  different  circumstances  under  which  they 
have  cooled^  form  volcanic  glass^  clinkstone^  or  pu- 
mice; and  the  only  difference  to  be  observed  in 
the  minerals  formed  from  the  trachyte  or  the  ba- 
salt^ is  a  difference  of  colour  in  the  minerals  them- 
selves^ or  in  the  glass  which  they  yield  when  melted. 
Black  pumice  from  basalt  is  however  very  rare*. 

*  According  to  the  microscopic  and  mechanical  analysis  of 
light-coloared  and  dark  lavas,  by  M.  Cordier, (whether  compact 
or  scoriaceous,)  it  appears  that  the  stony  lavas  nrhich  melt  into 
a  white  glass,  contain  ninety  per  cent  of  felspar.  Those  lavas 
which  melt  into  a  bottle-green  glass  or  enamel,  contain  only 
from  fifty  .five  to  seventy  per  cent  of  felspar ;  such  are  the 
greenish,  grayish,  or  dark-colonred  basalt.  On  a  microscopic 
examination  of  dark  lava  or  basalt,  it  appears  to  consist  of  mi. 
nute  crystalline  grains.  The  whitish  grains  belong  chiefly  to 
felspar,  bat  in  the  lava  from  Vesavins,  to  lencite ;  a  small  pro- 
portion of  these  grains  are  chrysolite.  The  yellowish  or 
greenish  grains  belong  to  aiigite  and  hornblende  :  those  of 
aagite  are  rounded  and  irregular,  with  a  vitreous  fracture,  and 


378  VOLCANIC  PRODUCTS. 

Basaltic  dykes,  and  the  overlying  rocks  of  por* 
phyry^  trap  and  basalt^  described  in  the  9th  chap- 
ter^ ought^  I  am  persuaded^  to  be  classed  with  an- 
cient volcanic  rocks ;  but  their  igneous  origin  is 
not  yet  universally  admitted^  and  it  is  desirable  to 
separate  theoretical  views^  from  a  description  of 
facts.  This^  however^  cannot  always  be  done :  cir^ 
cumstances  which  indicate  the  mode  of  rock-forma- 
tions^ will  deservedly  force  themselves  on  our  atten- 
tion ;  and  in  stating  them  fiairly^  and  the  inferences 
which  maybe  drawn  from  them^  we  relieve  Geology 
from  much  of  its  dryness^  and  stimulate  succeeding 
observers  to  a  strict  investigation  of  nature. 

Dark-coloured  recent  feva  does  not  differ  essen- 
tially from  basalt ;  it  is  generally  more  porous.  Pro- 
bably the  compact  state  of  basalt  was  the  result  of 
refrigeration  under  pressure :  it  may  however  be 
frequently  observed  in  Auvergne^  passing  into  the 
state  of  sGoriaceous  lava.  Some  of  the  recent  lavas 
from  Vesuvius  are  compact^  and  have  a  glistening 


splendent  lustre«  The  grains  of  hornblende  are  long,  and 
assnme  a  prismatic  form ;  thej  present  indications  of  a  laminar 
structure,  and  have  little  lustre.  The  perfectly  black  grains 
are  iron.sand,  containing  iron,  combined  with  titanium ;  the 
grains  of  iron  ore  [fer  oUgiste)  may  be  known  by  yielding  a 
red  powder  when  pulverized.  Volcanic  glass,  volcanic  scorie^ 
and  volcanic  tufa,  aixs  all  composed  of  the  same  minerals  aa 
the  most  compact  lava ;  and  all  the  most  hooiogeoeotts  dark 
volcanic  rocks,  are  composed  of  minute  microscopic  grains, 
which  are  chiefly  felspar  and  angite,  with  a  small  proportion 
of  olivine  and  iron-sand.  M.  Cordier  informed  the  author^ 
that  the  microseopic  examination  of  lava  was  much  facilitated^ 
by  steeping  the  piece  to  be  examined  in  dilute  anriatic  Kid. 
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hifitre^  but  they  are  more  commonly  porous.  In 
some  volcanic  eruptions^  lava  appears  to  have  ac- 
quired the  most  perfect  flaidity.  According  to 
Professor  Bottis^  who  was  an  eye-witness  of  the 
eruption  of  Vesuvius  in  1776^  the  lava  spouted 
from  three  small  apertures^  precisely  like  vrater^ 
forming  beautiful  fountains  of  fire^  which  described 
curves  of  different  dimensions  as  they  fell.  In  the 
same  year^  a  current  of  lava  from  the  summit  of 
Vesuvius  flowed  with  the  velocity  of  a  mile  and  a 
half  in  fi3urteen  minutes  ;  it  struck  upon  the  lava 
of  1771^  and  rebounded  into  the  air^  congealing  in 
figures  of  various  shapes.  The  length  of  time 
which  currents  of  lava  retain  their  heat  is  truly  re- 
markable :  the  current  which  flowed  irom  .JStna  in 
J  669  is  two  miles  in  breadth^  fifteen  miles  in  length, 
and  two  hundred  feet  in  depth ;  it  retains  a  portion 
of  its  heat  to  the  present  day.  Ferrara  says,  when 
this  kva  was  perforated  at  Catania  in  1809,  flames 
broke  out ;  and  it  continued  to  smoke  at  tlie  surfieice 
after  rain,  at  the  beginning  of  the  present  century, 
or  130  years  after  its  eruption. 

Stones  of  enormous  size  are  frequently  projected 
from  the  craters  of  volcanoes ;  but  the  quantity  of 
matter  which  they  throw  out  in  the  state  of  scoriee, 
sand  and  powder,  often  exceeds  that  erupted  in  the 
state  of  lava,  and  is  spread  over  distant  countries  : 
by  the  percolation  of  water  it  becomes  agglutinated, 
and  forms  beds  of  volcanic  breccia  and  tufa.  Some- 
times the  tufa  is  sufficiently  solid  to  be  used  for 
building-stone ;  the  Roman  pepperino  is  a  volcanic 
tufa.  Pozzolana  consists  of  minute  particles  of 
scorise,   which  have   been  partially   decomposed: 
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Yfhen  mixed  with  lime^  it  makes  a  wAter-setting 
cement. 

Some  volcanic  rocks  decompose  rapidly^  and  form 
productive  soils ;  others  resist  the  process  of  decom- 
position so  effectually^  that  after  the  lapse  of  some 
thousand  years^  they  present  all  the  freshness  of 
the  most  recent  Javas. 

Age  of  Volcanic  Rocks. — ^Nothing  precise  can  be 
determined  with  respect  to  the  relative  age  of  vol- 
canic rocks^  except  in  those  districts  where  they 
occur  together^  one  covering  the  other.  Humboldt, 
who  has  attempted  to  trace  the  different  ages  of 
volcanic  formations^  observes^  that  there  are  tra- 
chytes^ clinkstones^  and  basalts^  of  different  ages; 
but  in  proportion  as  we  advance  towards  the  more 
recent  volcanic  formations^  they  appear  isolated^ 
superadded^  and  strangers  to  the  soil  in  which  they 
are  found.  The  lavas  from  existing  volcanoes  vary 
at  different  periods  of  their  eruptions :  we  may  there- 
fore well  conceive^  that  the  volcanic  masses  which 
during  thousands  of  years  have  been  progressively 
raised  to  the  surface^  under  very  different  circum- 
stances of  pressure  and  refrigeration^  should  present 
striking  contrasts  and  analogies  of  structure  and 
composiUon. 

Observations. 

From  the  Tarioas  phenomena  which  volcanoes  present, 
we  maj  with  probability  infer,  that  the  internal  part  of  our 
planet  is  either  whollj  or  partially  in  an  igneous  state,  how. 
ever  difficult  it  maj  be  to  explain  in  what  manner  this  heat 
is  generated  and  conSned.  In  eveiy  department  of  nature, 
our  inquiries  are  terminated  bj  ultimate  facts,  beyond  which 
further  research  becomes  yain.     The  constant  generation  and 
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emission  of  light  from  the  surface  of  the  son  is  more  inex- 
plicable and  surprising,  than  the  constant  generation  of  heat  in 
the  centre  of  our  planet ;  but  we  cannot  refuse  our  assent  to 
the  fact,  though  it  is  far  beyond  the  power  of  the  human  mind  to 
conceive,  by  what  means  the  particles  of  light  are  propelled 
through  space  with  such  astonishing  velocity.  We  are  too  apt 
to  measure  natural  operations  by  their  coincidence  with  the  re- 
ceived  systems  of  philosophy,  and  to  make  our  own  ignorance 
the  standard  of  truth.  Had  all  the  volcanoes  in  the  world  been 
dormant  for  the  last  two  thousand  years,  and  were  we  only  ac- 
quainted with  their  existence  by  the  writings  of  ancient  histo- 
rians, we  should  discredit  the  fact,  and  prove  its  Impossibility  by 
an  appeal  to  established  chemical  principles  ;  we  should  further 
accompany  the  proof  with  a  pathetic  lamentation  over  the  credu. 
lity  of  former  times.  The  descent  of  stones  from  the  atmosphere 
was  denied  during  a  longer  period^  though  the  fact  is  now  esta- 
blished beyond  all  doubt. 

Admitting  the  existence  of  central  fire  In  the  earth,  it  is  not 
difiicult  to  conceive  that  there  may  be  determinate  causes,  by- 
which  its  intensity  is  increased  or  diminished  at  certain  periods. 
We  know  little  respecting  the  operation  of  electric  or  Voltaic 
energy  in  the  laboratory  of  nature,  but  from  the  existence  of 
electric  light  at  the  poles,  we  may  infer  that  electric  currents 
are  passing  through  the  earth,  and  are  important  agents  in 
many  subterranean  phenomena.  Perhaps  the  different  beds  of 
rock  which  environ  the  globe  may  act  like  a  series  of  plates  in 
the  Voltaic  pile,  and  produce  effects  commensurate  with  their 
▼ast  magnitude.  Voltaic  energy  is  capable  of  supporting  the 
most  intense  degree  of  heat  without  access  to  atmospheric  air, 
or  even  in  vacuo  ;  and  this  for  an  indefinite  time. 

Whatever  origin  we  ascribe  to  subterranean  fire,  there  can 
be  no  doubt  that  it  will  make  its  way  through  the  surface  in 
those  places  where  the  incumbent  rocks  offer  the  least  resistance, 
or  where  they  are  most  fusible.  By  the  access  of  water  to  this 
fire,  the  sudden  evolution  of  steam,  hydrogen  gas,  and  many 
phenomena  of  volcanic  eruptions,  will  admit  of  an  easy  expla. 
nation.  Most  of  the  active  volcanoes  being  situated  near  the 
sea  or  great  lakes,  we  may  infer  that  water  is  in  some  way  neces. 
sary  to  the  production  of  volcanic  phenomena. 
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CHAPTER  XVI 

ON  THE  AGENCY  OF  SUBTERRANEAN  FIRE  IN 
THE  FORMATION  OF  ROCKS  AND  STRATA. 

1  HE  numerous  volcanoes  scattered  over  the  globe 
abundantly  prove  the  existence  of  fire  in  the  deep 
recesses  of  the  earth.  During  a  former  state  of  our 
planet^  the  internal  fire  must  have  been  more  in- 
tense than  since  the  records  of  authentic  history. 
This  is  shown  by  the  remains  of  mighty  volcanic 
craters^  which  far  exceed  any  that  are  active  at  the 
present  time ;  for^  the  craters  themselves  being 
formed  by  the  eruption  of  volcanic  matter^  their 
size  bears  evidence  to  the  magnitude  of  their  former 
operations. 

"  Those  ranges  of  volcanoes^  those  eruptions 
through  vast  chasms^  those  subterranean  thunders, 
that  roll  under  the  transition  rocks  of  porphyry  and 
slate  in  the  new  worlds  remind  us  by  the  present 
activity  of  subterranean  fire^  of  the  power^  which 
in  remote  ages,  has  raised  up  chains  of  mountains, 
broken  the  surfiice  of  the  globe,  and  poured  torrents 
of  liquid  earth  in  the  midst  of  the  most  ancient 
strata.  Even  in  our  own  days,  these  torrents  of 
melted  earth  do  not  always  issue  from  the  craters 
or  sides  of  volcanic  mountains.  Sometimes  the 
earth  opens  in  plains,  and  spreads  strata  of  lava  or 
of  mud  over  a  vast  extent  of  country.*' — Humboldt, 
9UT  le  Gisement  des  Roches. 
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We  cannot  avoid  an  inquiry  respecting  the  use 
of  these  mighty  agents  in  the  ceconomy  of  nature : 
were  we  to  consider  volcanoes  merely  as  the  vents 
for  internal  fires^  a  further  inquiry  would  arise  re- 
specting the  utility  of  these  fires;  for  we  ought  not 
to  suppose  that  the  laws  which  govern  the  interior 
of  our  planet^  are  not  directed  by  the  same  wisdom 
which  is  displayed  in  the  external  world. 

There  are  many  philosophers  who  admit  in  its 
full  extent  the  doctrine  of  final  causes  as  evinced 
in  the  structure  of  a  plants  or  an  animal;  or  in  other 
words^  who  readily  grant  that  all  the  various  parts 
and  organs  conduce  to  one  definite  purpose  ;  yet 
they  are  reluctant  to  allow  that  the  earth  itself  is 
under  any  other  guidance  than  the  brute  force  of 
tumultuous  elements. 

I  do  not  however  think  it  unphilosophical  to  in- 
quire what  office  subterranean  fires  have  performed 
in  the  oeconomy  of  nature :  Are  they  accidental  ap- 
pendages^ or  essential  parts  of  the  terrestrial  sy- 
stem ?  The  geologists  who  exclude  the  agency  of 
fire  from  the  formation  of  rocks^  seem  to  forget 
that  the  only  instances  we  have  of  hard  and  crystal- 
line rock  formations  are  volcanic  :  beds  and  strata 
more  than  thirty  miles  in  lengthy  and  of  consider- 
able breadth  and  thickness^  have  been  spread  over 
the  surface  of  the  globe  in  our  own  times ;  and  ac- 
cording to  M .  Humboldt^  the  further  back  we  trace 
these  eruptions^  the  greater  is  the  similarity  between 
the  currents  of  lava  and  those  rocks  which  are  con- 
sidered by  geologists  as  the  most  ancient.  The 
enormous  volcanoes  whose  craters  are  many  leagues 
in  extent^  had  doubtless  an  important  office  to  per- 
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form  in  nature :  and  can  it  be  unreasonable  to  be- 
lieve, that  the  earth  itself  is  the  great  laboratory  and 
storehouse  where  the  materials  that  form  its  surface 
were  prepared,  and  from  whence  they  were  thrown 
out  upon  the  surface  in  an  i^eous,  aqueous,  or 
gaiBeous  state,  either  as  melted  lava,  or  in  aqueous 
solution,  or  in  mechanical  admixture  with  water  in 
the  form  of  mud,  or  in  the  comminuted  state  of 
powder  or  sand  ?  Inflammable  and  more  volatile 
substances  may  have  been  emitted  in  a  gaseous  state, 
and  become  concrete  on  the  surface. 

These  primaBval  eruptions,  judging  from  the  size 
of  the  ancient  fissures  and  craters,  may  have  been 
sufficient  to  cover  a  large  portion  of  the  globe.  Nor 
can  it  be  deemed  improbable,  that  still  larger  and 
more  ancient  craters  have  been  entirely  covered  by 
succeeding  eruptions.  In  proportion  as  the  forma- 
tion of  the  surface  advanced,  these  eruptions  might 
decline,  and  be  more  and  more  limited  in  their  ope- 
ration. 

It  is  not  necessary  to  suppose  that  these  subter- 
ranean eruptions  consisted  only  of  lava  in  a  state  of 
fusion.  The  largest  active  volcanoes  at  present 
existing,  throw  out  the  different  earths  intermixed 
with  water  in  the  form  of  mud.  Nor  should  we 
limit  the  eruptions  of  earthy  matter  in  solution  or 
suspension,  to  volcanic  craters  :  the  vast  fissures  or 
rents  which  intersect  the  different  rocks  may  have 
servedfor  the  passage  of  siliceous  solutions  to  the  sur- 
face. We  know  no  instances  in  nature  of  siliceous 
earth  being  held  in  aqueous  solution,  except  in  the 
waters  of  hot  or  boiling  springs ;  and  hence  it  seems 
reasonable  to  infer  that  many  siliceous  rocks  and 
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veins  may  have  been  deposited  from  subtenranean 
ivaters  at  a  high  temperature.  In  other  instances, 
siliceous  earth  rendered  fusible  by  an  intermixture 
with  alkalies  and  earths^  may  have  been  poured 
over  the  bed  of  the  ocean^  and  by  gradual  refrige- 
ration, the  constituent  parts  may  have  separated  and 
formed  granite  rocks,  composed  of  quartz,  felspar, 
mica,  and  hornblende.  We  know  nothing  analogous 
to  the  formation  of  granite  by  aqueous  solution, 
but  many  of  the  products  of  ancient  volcanoes  bear 
a  dose  affinity  to  granite.  Indeed,  all  the  minerak 
which  form  the  constituents  of  primary  rocks  occur 
in  undoubted  lava ;  and  many  of  them,  even  mica> 
are  found  formed  in  the  slags  from  furnaces; 
which  adds  a  high  degree  of  probability  to  the 
igtieous  formation  of  the  primary  rocks,  and  rocks 
of  sienite  and  porphyry. 

Calcareous  or  cretaceous  matter  is  also  ejected 
during  aqueous  volcanic  eruptions  :  beds  of  lime- 
stone may  have  been  formed  by  similar  calcareous 
eruptions,  in  which  the  lime  was  sometimes  in  solu- 
tion, and  sometimes  mechanically  suspended ;  and 
the  numerous  remains  of  testaceous  animals  in  lime- 
stone, appear  to  indicate  that  the  calcareous  solutions 
were  favourable  to  the  growth  of  animals,  whose 
coverings  contain  so  much  calcareous  matter.  Nor 
is  it  necessary  to  suppose  that  these  aqueous  erup- 
tions were  always  sudden,  and  attended  with  violent 
convulsions ;  for,  when  a  passage  was  once  opened, 
they  may  have  risen  slowly  and  b^en  diffused  in  a 
tranquil  state,  and  by  gradual  condensation  may 
have  enveloped  the  most  delicate  animals  or  vege- 
tables, without  injuring  their  external  form» 

Sc 
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The  hng  mtervals  of  repose  between  tbe  gnsd, 
Igneoiks  eniptioiiB^  or  aqueous  ekruptidns  sataicriiled 
mith  mhietal  matter,  'may  hare  allovred  time  for  tbe 
\grmrtb  aad  decay  of  aniindcMVhxMie:  remains  are 
Arqnd  in  diflferent  strata,;  i/rhtlst  tbe  IbrniHiion  of 
i»tiidr  strata  may  hove  takeri  place^  under  circum^ 
atonces  iM^mpatible  with  organic  existence  t  and 
accordingly  we  fiird  in  the  rocks  most  abounding 
with  organic  remains^  certain  strata  in  which  they 
never  or  rarely  occur.  The  same  agent  which 
Enveloped  Unng  anfanals  in  mineral  matter  without 
Injuring  their  external  form^  appears  in  some  in- 
.stances  ix^  have  immediately  arrested  the  functions 
of  titality.  Petrified  Mk  have  been  di80iMe>ed  in 
wild  Irocks^  in  tbe  TOry  attitude  pffaeffting  and  swal- 
lowing their  prey/  A  jsaddow  eruption  of  a  hot 
fluid  saturated  with  the  different  earths  (or  the  ekh 
lAtotcT'of  whidi  tbcier earths  are' formed)^  might 
^dest^oy'  in  a  'momeht  tte  animals  previously  exUst- 
iwg;  and  form  round  tfaem  a  sihceoas  or  (lEikareous 
ivicrusiatioD^  which  would  proieci  tbieir  remains  ik>fii 
further  destruction.  Werner  anrd  the  gebl(^iifts  df 
his  school  maintain^  thM  all  the  different  rocks  that 
compose  the  crust  of  the  giobe;^  were  original^ 
dissolved  in  water;  and  that  this  water  saturated 
with  mineral  matter^  was  <mpable  of  supporting 
anioiallifb :  but  this  is  tnanifestiy  absurd^  unless  we 
suppose  that  the  litds  of  these  animals  were  pref- 
senfml  by  a  perpetual  mtraele'^^^^whereas  if  the 


*  As  an  instance  of  the  data  which  Werner  assumes  as  an* 
^nbted  ^ts,  take  th^  fallowing  r— ^^<  In  recapitulatfng  the  state 
of  oar  pMsetit  luMKWlsdgd^  it  U  odtious  thai  we  knom  with  eif- 
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minefsLl  mijttdr  in  aqueious  solution  Was  poured  out 
and  (deposited  by  successive  erupUens^  at  distanl 
WteiT^ls  of  tim^  this  .different  races  lof  Eoaphytoa 
wd  testliceoufl  animab  might  have  liyed  and  flou- 
rished in  waters  like  tlH>9e  of  biir  present  seas  and 
lakes/ dnd  have  been  destroyed  togethet*^  by  erup*^ 
tions  of  mineral  solutions^  and  have  been  succeeded 
by  a  creation  of  different  genera  and  spederf.  • 
,  Agek  of  comparative  tranquillity  might  elapse  in 
the  interval  between  different  eruptions^  and  beds  of 
gravel  and  breccia  be  fatined^  by  the  disfaitegratioh 
of  the  higher  parts  of  the  earth.  These  beds  might 
be  afterwards  covered  by,  or  intennixed  vidth,  the 
ery^line  beds  from  subsequent  eruptions  ; — and 
taay  we.not  in  this  manner  explain .  the  alternation 
«r  Ji^teradxture  bf  jorydtalliiie  Tocks^ .  with  those  of 
meohanical  formation  ? 

As  the  sttata  which  cover  each  other  are  often 
composed  bf  very  different  mineral  substances^  may 
we  not  infer^  that  the  successive  ancient  eruptionSj 
whether  igneous  or  aqueous,  contained  at  differeiit 
periods  different  elementary  parts  ?  At  the  present 
dety^  the  lavas  of  succeeding  eruptions,  evofi  fTom> 
fJbe  same  crater,  differ  both  in  external  character 
^d  constituent  parts.    Hence  we  may  explain  the 

.r  ■  I  ■  •  •  •  •,  •    ■  ■■ 

tainiy^  that  the  floetz  and  primitite  mountains  Vere  prodaced  by 
z  series  of  pi^cifntations  and  depositions  formed  in  saccession ; 
iliat  these  took  ^ace  from  watee  wbidi  covefed  the  globe,  exist*' 
iug  always  more  or  less  generally,  and  contateitig  the  diflbrent 
snbstances  which  ha^  been  prefaced  from  them. .  We  are  alro^ 
certain^  that  the  fossils  which  constitate  the  beds  and  strata  of 
monntuns  were  dissoked  in  the  universal  water*'' ! !  X'-^Theorg 
djf  V€i$u^  English  translation. 

ScS 
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formation  of  strata  of  iron-stone  and  beds  of  other 
metallic  ores  alternating  with  earthy  strata;  and 
we  can  have  little  difficulty  in  the  admission^  as  it 
is  now  known^  that  the  Imses  of  the  earthy  strata 
are  also  metallic.  Two  or  more  mineral  substances 
may  in  some  instances  have  been  contained  in  the 
same  fluids  and  separated  into  different  masses  or 
strata  by  the  laws  of  chemical  affinity :  but  it  seems 
impossible  to  admits  with  the  Neptunian  geologists^ 
that  all  the  substances  which  compose  rocks  and 
strata  were  coexistent  in  the  same  fluids  and  that 
this  fluids  after  it  had  deposited  only  a  small  part  of 
its  contents^  was  capable  of  supporting  animal  life. 
The  succession  of  aqueous  and  igneous  eruptions 
would  account  for  the  alternation  of  igneous  rocksy 
with  others  of  aquatic  formation .  T  he  occurrence 
of  obsidian  and  basalt^  with  clay  and  sandstone, 
may  be  parts  of  the  same  series  of  phenomena ; 
and  thus  the  two  opposing  systems  of  Werner  and 
Hutton  may  both  be  true  to  a  certain  extent/  and 
agree  with  existing  facts.  However  vast  these 
operations  may  appear,  they  sink  into  insignifi- 
cance, compared  with  the  bulk  of  our  planet  itself. 
If  a  three-feet  globe  were  to  contain  within  it  a 
fluid  capable  of  acquiring  consistence  by  exposure 
to  the  air,  and  were  this  fluid  from  time  to  time,  ta 
exude  through  minute  cracks  or  punctures,  and 
form  over  different  parts  of  the  surface,  successive 
coats  of  vambh,  whose  aggregate  thickness  was 
less  than  that  of  a  wafer, — this  would  be  a  greater 
change  with  respect  to  the  artificial  globe,  than  the 
formation  of  all  the  rocks  and  strata  with  respect 
to  the  earth.    And  the  numerous  dislocations  and 
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firactures^  by  subsidence  or  otber  causes/ are  no 
more  in  comparison  to  the  magnitude  of  the  earth, 
than  the  cracks  or  inequalities  of  this  superficial 
varnish  would  be  to  a  g^lobe  of  that  diameter. 

In  proportion  to  the  quantity  of  mfitter  thrown 
up  from  the  interior  of  the  earth,  might  be  the  sub- 
sidence of  the  surface  in  other  parts ;  and  as  the 
waters  retired  further  from  our  present  continents, 
the  size  of  the  lakes  which  then  covered  them 
would  be  diminished :  but  their  number  would  be 
increased,  and  also  the  number  of  local,  or  inde- 
pendent, formations  of  strata.  Similar  causes  still 
continuing  to  operate  in  difierent  situations,  might 
produce  general  features  of  agreement  amidst  the 
diversity  of  rock  formations  which  were  taking 
place.  Now  this  is  precisely  what  we  observe  in 
comparing  the  succession  of  rocks  in  distant  coun- 
tries. 

If  subterranean  fire  have  acted  intensely  on  any 
part  of  the  crust  of  the  globe  already  formed,  it 
may  have  upheaved  the  b«d  of  the  ocean,  and  occa- 
sioned subsidences  in  other  parts;  and  these  changes 
may  have  been  often  repeated.  According  to  some 
recent  and  interesting  experiments  of  Sir  James 
Hall,  the  vapour  from  salt  water,  intensely  heated 
under  pressure,  will  bypassing  through  loose  sand, 
agglutinate  the  particles,  and  form  solid  sandstone. 
In  this  manner  the  heated  and  compressed  water 
of  the  ocean,  may  have  consolidated  the  loose  sand 
at  the  bottom,  and  formed  strata  of  sandstone :  there 
are,  however,  sandstones  which  are  so  pure  and 
crystalline,  that  we  must  regard  them  as  original 
siliceous  depositions. 


SdO  FORMATION  OF  STRATA 

Granite^  porphyry,  sienitt,  greenstone  iaod  IxMklt, 
pass  by  insensible  gradations  into  eacti^  other/  and 
into  rocks  known  to  be  volcanic:  heiice  the  proba- 
bility of  their  having  a  Mmilan.  origin  is  greatly  in* 
creased.  And  if  the  intepal  fires  that  have  acted 
sttccessitely  on  the  surfece  of  the  globe,  were  of 
vast  extent/  as  the  remaining  craters  indicate,  they 
may  also  in  numerous  instances  have  melted  or 
softened  pre-existing  rocks  and  strata,  and  ocea- 
«ioned  the  bending  and  contortions  of  the  strata^ 
and  other  phenomena,  on  which  the  theory  of  Dr. 
Huttonwas  founded..  The  defect  of  that  theory 
consists^  I  conceive,  in  extending  the  operation  of 
this  t^iuse^  fiirthel:  than  existing  appeanqices  will 
flpupport. 

.  Were  we  to  admit  that  rocks,  were  produced  by 
successive  igneous  and  aqueous  eruptions,  poured 
through  craters  and  fissures  of  the  surface,  these, 
with  subsiequent' elevations  and '  subsidences  of  the 
surjScice,  might  be  sufficient  to  explain  fiU  the  va-i 
rious  phenomena  ivhich  the  posiUon,  contortion^ 
succession,  and  alternation  of  rpcks  aud  strata  prci-* 
sent  to  our  notice. .  In  soipQ  situations,  gi^anito 
mountains  are  cover^sd  with  a  ser-ies.  of  schistose 
rocks,  to  which  suqceeds  transition  limestone ;  and 
qn  this  are  laid  the  sandstone^  of  the  coal  forma- 
tion. In  other  instances  these  sandstones  rest 
immediately  on  granite^  without  the  intervention  of 
schistose  rocks.  Here  then  we  may  suppose,  that 
BO  eruptions  of  matter  took  place  between  the 
fbrmation  of  the  granite  and  the  sandstone ;  while 
in  other  situations,  a  succession  of  formations  had 
produced  all  the  intermediate  rocks.     In  mMe 
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cooBtriety  the  emptfon  of  9i$iter  Mrhioh  formed 
granite^  after  oeasing  for  ages>  ha4  again;  ^kep 
placo ;  and  thus  som^mieB  we  ft^d  gn^iiite  covering 
rocks  to  which  it  is  most  frequepUy  subjacent  Tp 
a  like  cause  may  we  ascribe  the  ocoasional  appear-* 
ance  of  beds  similar  to  the  lowejf  rocks^  alternating 
with  pr  appearing  in  the  upper  strata-  .ThesiU-i 
eeous  and  calcareous  solutions  in  a.  statq  of  trau-r 
quillity^  might  also  envelop  the  fragments  and  sand 
from  pre-existing  rocks^  jaad  form  the  various  brec'^ 
cias  and  aggregated  sandstones*  Saline  aqd  bi« 
tuminous  matter  may  have  been  thrown  up  iu 
detached  lakes^  and  subsequently  cousoli^atedj  aq 
10  the  pitch-lake  in  the  island  of  Triuide4-.  The 
local  formation  of  beds  of  trap  dUeraating  .with 
other  rocks,  has  before  been  alluded  to,  and  th^ 
gradation  of  basalt  into  clay,  or  sand>  v^ill  be  Qon^ 
sistent  with  this  mode  of  formation »  Many  of  th^ 
aolutions  containing  terrene  matter  might  be  erupt? 
ed  at  a  boiling  temperature^  like  the  siliceous  water 
thrown  out  of  the  hot  springs  in  Iceland;  apd  oq 
cooling  they  might  deposit  their  contents,  the  mat^ 
ter  from  each  eruptioii  forming  a  separate  layer  or 
stratum  "^^ 


*  To  compare  great  things  with  niiall, — ^there  is  an  ansllogons 
formation  taking  place  every  A^y^  In  the  channels  which  recei?e 
the  boiling  waters  from  some  of  the  steanuengines  In  the  eowity 
of  Durham.  This  water  contains  ^  large  quantity  ^of  ^earthy 
matter,  which  is  deposited  every  day,  except  Sunday,  in  regular 
layers  that  may  be  distinctly  counted,  with  a  marked  line  for 
the  interval  of  repose  on  Sunday^  between  each  week's  forma. 
tion :  hence  the  stone  got  out  .of  these  channels,  has  received 
from  the  country  people  the  name  of  Sunday  stone* 
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In  some  parts  of  the  earthy  the  quantity  of  matter 
thrown  out  during  one  eruption^  may  have  been 
sufficiently  great  to  admit  the  crystallization  of 
whole  groups  of  mountains  :  in  other  instances,  it 
may  have  been  so  widely  diffused  as  to  form  very 
thin  strata.  And  here  it  may  be  proper  to  remark^ 
that  different  beds  and  strata  are  not  arranged  in 
nature  in  the  order  of  their  specific  gravity ;  the 
lowest  are  not  always  the  heaviest:  neither  are  they 
arranged  according  to  their  more  perfect  crystalli* 
zation ;  for^  though  generally  the  lower  rocks  are 
more  crystalline  than  the  upper^  we  not  unfre* 
quently  find  some  of  the  upper  strata^  more  perfectly 
crystalline  than  the  subjacent  rocks.  Now  if  the 
matter  of  which  the  upper  and  lower  rocks  are 
formed^  had  been  co-existent  in  the  same  fluid  me- 
dium^ one  or  other  of  the  above  efi*ects  must  have 
taken  place;  but  if  each  stratum  were  formed  by  a 
separate  eruption  and  deposition,  they  might  vary 
both  in  specific  gravity  and  degrees  of  crystaliiza-' 
tion,  without  any  regard  to  the  order  in  which  they 
were  deposited. 

In  endeavouring  to  trace  the  causes  of  very  com- 
plicated phenomena,  those  explanations  are  to  be 
preferred,  which  apply  to  the  greatest  number  of 
cases^  and  are  consonant  with  existing  or  analogous 
facts.  Now  I  conceive  that  the  alternation  of 
aqueous  and  igneous  eruptions,  offers  a  more  satis- 
factory explanation  of  the  formation  of  rocks>  than 
any  that  has  yet  been  proposed.  At  the  same  time 
it  assigns  an  office  to  the  immense  craters  and  frac- 
tures which  have  once  perforated  or  intersected 
the  globe. 
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It  is  an  acknowledged  maxim,  that  Nature,  or 
to  speak  more  correctly  its  divine  Author,  does 
nothing  in  vain  ; — and  can  we  suppose  that  the  in- 
terior part  of  the  earth  is  constructed  with  less  skill, 
than  what  is  evinced  in  the  organization  of  the 
simplest  animal  or  vegetable  ?  Or,  when  we  con- 
template our  planet  pursuing  its  trackless  path 
through  the  heavens  with  unerring  precision,  can 
we  believe,  that  its  internal  motions  are  not  go- 
verned by  determined  laws,  destined  to  answer  the 
most  important  purposes  in  the  ceconomy  of  na- 
ture ? 

Though  I  am  inclined  to  regard  the  explanation, 
here  offered  respecting  rock  formations,  as  conso- 
nant with  existing  facts,  and  as  reconciling  the 
phenomena  of  aqueous  and  igneous  products  alter- 
nating'with  or  graduating  into  each  other, — facts 
that  appear  so  contradictory  to  the  theories  hitherto 
advanced, — I  would,  however,  willingly  adopt  any 
other  explanation  that  may  afford  a  more  satisfac- 
tory solution. — The  Roman  poet,  after  conducting 
his  hero  through  the  subterranean  abodes,  dis- 
misses him  through  the  Ivory  Gate  * :  and  should 
my  readers  infer  from  these  speculations  respecting 
the  subterranean  operations  of  nature,  that  I  treat 
them  in  the  same  manner,  it  will  not  occasion  dis- 
appointment. Embarked  with  them  in  a  voyage 
of  discovery,  I  shall  gladly  hail  the  signal  for  the 
appearance  of  solid  ground,  whoever  the  fortunate 
discoverer  may  be. 


♦  ^n.  lib.  vi. 
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CHAPTER  XVII. 

ON  79E  B;]^|>OSITOIUES  OF  METALLIC  ORES. 

Metallic  Matter  ilisi^odiQated  through  RoclUi— Masses  of  Me- 
tallic Ore.~Met^lic  fied&r-kMetalUc  Veins.-<rRake  Veins* 
-^Flat  Vfio^.-^-AcciuaulAted  VeiDs,--^ross'Coi^i!|ies.-7-Tbe 
remarkable  Structure  of  the  Botallack  Mine  worked  under 
the  Sea.— On  the  Formation  of  Metallic  Ores.^-Remarkable 
Phenomena  in  Mines. — ^Stream  Works.-^Rock8^  in  whicU 
certain  Metallic  Ores  are  found.  ' 

X  HE  rockfl  and  strata,  and  the  mineral  vein9  oi; 
4yke8,  described  in  the  preceding  clyipters^  are 
coi9po8ed  pf .  earthy  roineralsj  sometipied  combined 
with  a  portion. pf  metallic  matter,  chiefly  iron.  The 
mineml  substances  to  be  described  in  the  present 
chapter,  ils  forming  beds  or  veins,  ,or.  irr<^gular 
masses,  or  grains  imbedded  in  other  rocks,  <H>nsis(  .*. 
of  metallic  matter  either  pure  or  in  pombinatipn 
with  sulphur,  pxygeOj  or  acids.  JVf  etallip  beds  apd 
veins  mfty  be  regarded  a9  fixgd  constituent  p^rts  of 
the  crust  of  the  globe.  The  difference  of  externa) 
character  between  a  pure  metal  and  an  earth  is  so 
greati  that  we  find  some  difficulty,  at  first  in  con-* 
oeiving  kom  metallic  matter  can  form  bjeds  inter-; 
stratified  with  ewtby  ito^ks  i  but  the  discoveries  of 
modem  chemistry  have  shown,  that  metallic  and 
earthy  minerals  are  closely  allied.  Nothing  can 
appear  more  essentially  different  than  a  piece  of 
polished  iron  and  a  piece  of  marble  or  limestone : 
yet  if  iron  be  exposed  to  the  action  of  air  and  water. 
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if  18  converted  into  rust^  and  in  this  ttfttelis  known 
as  ochre ;  and  between  ochre  and  powdered  limei 
stone  there  is  little  difference  of  external  character  ^ 
nor  Would  any  one  unacquainted  with  'ohemistcy 
suspect^  that  ochre  was  a  metallic  mineral..: : The 
ochre  can«  however^  be  easily  reconverted  into  me-f 
tallic  iron :  but  to.  convert  limeatone  into  a  metallio 
substance  is  a  difficult  process^-r-^yet  it  has  beea 
effected;  and  it  is  further  proved^  tjbttt  alkthe  eiattfas 
and  alkalies  are  metallic  substances  eohibined  with 
oxygen.  The  metaUid  nature  of  the  eArths  being 
ascertained^  we  can  no  longer  be  sasprised  that 
metallic  minerals  should  be  found  iattonixed  with 
earthy  minei^s  in  rocks.  Iron  is. found. combined 
with  earths  in  almost  all  rocks  that  are  not  white ; 
and  to  the  presence  of  iron^  they  generally  owe  theit 
colour^  whether  red^  brown^  or  black. 

The  other  metals  rarely  occur  chemically  com* 
bined  with  rocks  or  strata^  but  are  found  either  disi- 
seminated  in  g^ins  or  irregular  pieces^  or  forming 
beds  between  earthy  strata^  or  filling  veins  that  in- 
tersect rocks  verticaUy  or  nearly  so. 

The  metals^  except  gold  and  phtina^  are  rarely 
found  pure^  but  are  generally  combined  either  With 
sulphur,  oxygen^or  acids,  and  in  this  state  are  called 
ores.  When  the  metals  occur  pure,  they  are  jcalled 
native  nietals;  thus  we  have  native  gold,  native 
iron,  &c. 

Metallic  ores  and  native  metals  are  sotnetimes 
disseminated  in  grains  through  rocks ;  and  when 
they  are  abundant,  the  whole  mass  of  the  rock  i* 
worked  as  a  mine ;  but  this  is  seldom  the  case. 
Tin«stoiie,  or  the  oxide  of  tin,  is  sometimes  dissei- 
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minated  in  grains  in  granitic  rocks  in  Cornwall, 
but  it  is  generally  in  the  vicinity  of  a  vein  of  tin 
ore  that  disseminated  grains  of  tin-stone  are  found 
in  the  rock.  At  Weal  Dutchy  mine,  near  Calling- 
ton,  silver  ore  is  obtained,  both  from  a  vein  which 
intersects  the  hill,  and  from  the  rock  itself,  at  a  con- 
siderable distance  from  the  vein.  From  a  section 
of  the  mine  shown  me  by  the  proprietor,  it  appears 
that  in  the  rock,  which  is  white  killas  (a  silvery 
cky  slate),  the  ore  is  disseminated  in  various  parts, 
or  is  collected  in  bunches*  The  silver  is  found  na- 
tive in  filaments,  or  in  the  state  of  vitreous  silver 
ore,  black  silver,  and  ruby  silver.  Gold  frequently 
occurs  in  grains, '^disseminated  through  solid  rocks. 
Considerable  masses  of  metallic  ore  are  sometimes 
found  in .  rocks,  particularly  of  iron  ore ;  but  these 
masses  are  generally  formed  by  the  meeting  of  nu* 
roerous  veins,  or  are  parts  of  metallic  beds  that  are 
greatly  enlarged : — they  will  be  described  with 
beds  and  veins. 

Metallic  Beds. — Some  metallic  ores  occur,  form- 
ing regular  strata  in  the  secondary  rocks,  or  beds 
in  transition  and  primary  rocks.  Iron-stone  in  thin 
strata  alternates  with  coal,  coal-shale,  and  sandstone, 
and  has  been  described  with  the  coal  strata^-* 
Chap.  VIII.  pp.  159,  160. 

Iron  ore  often  forms  beds  of  considerable  thick- 
ness, interposed  between  rocks  of  gneiss,  mica-slate, 
and  slate.  Metallic  ores  in  beds  or  strata  may  be 
regarded  as  constituent  parts  of  the  rocks  in  which 
they  occur,  and  must  be  cotemporaneous  with  them : 
the  metallic  and  the  earthy  minerals  have  been  de<- 
posited  at  the  same  time^  and  have  probably  been 
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separated  by  chemical  affinity  during  tbe  proceas  of 
consolidation.  Sometimes  the  metallic  matter  ts 
intermixed  with  a  bed  of  date^  or^of  other  rocks^  in 
such  abundance,  that  the  whole  bed  is  worked  as  a 
metallic  ore.  When  a  bed  of  metallic  matter  swells 
out  irregularly  to  a  considerable  thickness,  it  forms 
masses  of  ore,  which  sometimes  attain  the  magni- 
tude of  small  mountains  ; — such  are  the  mountains 
of  iron  ore  in  Sweden  and  Norway.  Metallic  beds 
are,  however,  of  limited  extent ;  they  seldom  tra« 
verse  a  whole  mountain  or  mountain  range,  but 
they  gradually  or  suddenly  become  narrow  and  ter^ 
minate,  or  in  the  miner's  language  loed^ge  out.  There 
are  few  known  beds  of  metallic  ores  in  England ; 
the  principal  repositories  of  metallic  matter  are  in 
veins.  I  have  however  ascertained,  that  the  cop* 
per  mines  formerly  wrought  in  the  transition  rocks 
of  Cumberland,  were  beds  of  copper  pyrites,  inter- 
posed between  the  beds  of  the  mountains  in  Which 
they  were  found,  and  ndt  intersecting  them  like 
veins.  The  beds  of  rock  being  highly  inclined,  the 
thin  metallic  beds  between  them  have  been  mis- 
taken for  veins.  I  believe  that  several  metallic  re^ 
positories  in  other  counties,  which  have  been  de- 
scribed as  veins,  are  in.  reality  beds  ;  the  distinction 
between  beds  and  veins  not  being  well  understood, 
they  are  both  called  veins  by  working  miners.  The 
manganese  mines  at  Doddiscombe  Leigh,  in  Devon- 
shire, are  irregular  beds  of  oxide  of  manganese  in 
red  sandstone.  Iron  ores,  particulariy  magnetic  iron 
ore,  frequently  occur  in  beds.  The  iron  mine  at 
Dannemora  in  Sweden  is  an  enormous  bed,  which 
has  swelled  out  to  the  thickness  of  one  hundred  and 
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'eighty  ftset  of  nearly  compact  ore.  Ccfpptr  pyriteM 
sometimes  occiitrs  in*  beds  j  mercury  has  idso  been 
found  disseminated  in  beds  of  chy  iahd  sandstone. 
Ores  of  bkok  oxide  of  cobalt  are  found  in  beds  at 
Alderly  Eklge  in  Cheshire. 

<  Mitallic  veins  appear  to  have  been  originally 
fissures  cutting  through  different  bed3  of  rock^  that 
have  been  sklfastMiiiently  filled  with  metallic  ores^ 
intef  miked  kith  other  mineral  matter^  of  a  different 
nattine  from  that  of  the  rock  which  is  intersected. 
Mdt^Hfc :  meins  are  therefore  considered  to  be  of 
po8t6ri«r  formation  to  the  rocks  in  which  they  are 
founds  .tknd  wfasre  a  vein  cuts  through  different 
rocks/it  h  evident  that  its  formation  must  have  bees 
more  redent  than  that  of  the  rocks :  but  where  a 
vein  is  fodnd  only  in  one  bed  of  ro^^  the  fissure 
may  have  been'formed  Und  filled^  at  the  period  when 
the  reck  Was  consolidated.  Metallic  veins  are  prin« 
cipally  found  in  primary  and  transition  rocks^  or  in 
the  I  very  loweist  of  the  secondary  strata :  they  are 
ofteii  separated  from  the  rocks  they  intersect,  by  a 
thin  wtdl  or  lining  of  mineral  substances  distinct 
from  the  rock,  and  sometimes  also  by  a  layer  of 
ddy  on  eaoh  side  of  the  vein.  The  same  substance 
which  forms  the  outer  coat  of  the  vein,  is  also  fire-* 
queittly  istermixed  with  the  ore,  or  fornn  layers 
aUernating  witti  it :  this  is  called  the  matrix^  gangue^ 
or  vein*8tone.  It  appears  as  if  the  ore  and  the  vein- 
stone had  been  formed  over  each  other^  on  the 
sides  of  the  vein,  at  different  times,  till  they  met 
and  filled  up  the  fissure. 

'  Sbmeitimes  the  ore  extends  in  a  compact  mass 
from  one  side  of  the  vein  to  the  other.    Not  unfire* 


qvindy  there  we'bolbw  spaces  in  Vehis^  called 
dspuies,  which  are  lined  with  crystals.  In  these 
cavities,  the  ihoBt  beautiful  and  regular  crystalline 
fermsareobt^Lhied.  Metallic  Teins  often  divide 
and.nnitd  again/and  sohietimesi  they  separate  into 
a  number  of  smaller  branches  called  strings.  A  ge« 
neral  idea  of  &it  manner  in  which  metallic  veins 
intersect  vocks^  and  are  sometimes  intersected  by 
each  other/,  is  represented  PL  4.  fig.  5.  To  wh»t 
depth  metallic  veins  descend  is  not  known^  nor  is 
it  ascertained  whether  they  generally  grow  wider 
tnr  narrower  in  their  descent  The  opinions  of 
miners  on  this  subject  are  s5  various^  that  it  may 
fairly  be  inferred  that  tbey  differ  in  this  respect^  in 
different  situatieiis.  No  instilnces  I  belveve  have 
occarred  of  a  vein  being  worked  out  iii  deptb^ 
though  it  often  grows  too  poor  to  repay  the  labour 
of  working  deeper :  more  frequently  the  furth^ 
descent  of  the  miner  is  stof^ed^  by  the  difficulty  of 
rdnftoving  the  water.  Veins  are  seldom  rich  in  ore 
luear  the  surface^  but.  increase  in  ri<^hiiess  as  they 
descend^  and  f^  greater  dqsths  becbme  {Poorer 
again;  i.When  Pryce  MCrote  the  '^  Mineralogy  of 
Oomtndl/^  itwas  believed  that  the  richest  state  of  It 
jminefor  dopper  in  thatcounty;,  was  from  eighty  to 
one  bandred  yards  .deep;  and  fbr  tiny  from  forty  te 
one  hundred. and  twenty  yards.  This: account  by 
no  ;qieanfl  agrees  with  the  present  state  of  thfe 
Cornish  mines.  .  Copper  and  tin  ate  procured  iti 
con8idei::able  quantities  at  the  depth  of  fout  hundred 
and  fifiy^siM  yards  in  the  Doleoath  mine.  The 
Ecton  copper  mine  in  Staffordshire  is  now  worked 
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at.  the  deptb  of  four  hundred  and  8eventy4wo 
yards :  it  is  tbe  deepest  mine  in  England.  The 
deepest  mine  that  has  been  worked  in  Eurc^e,  or 
in  any  part  of  the  world,  is  one  at  Truttenbei|^  in 
Bohemia,  which  is  one  thousand  yards  below  the 
aurface. 

Metallic  veins  frequently  contain  different  ores 
at  various  depths.  Iron  ore,  copper  ore,  cobalt 
Oire,  and  silver  ore,  succeed  each  other  in  some  of 
the  mines  in  Saxony. 

In  France  there  are  mines  which  contain  copper 
ore  in  the  lowest  part,  silver  ore  above,  and  over 
that  iron  ore. 

In  Cornwall,  blende,  a  sulphuret  of  zinc,  fre- 
quently abounds  in  the  upper  part  oi  veins  that  be* 
a)me  rich  in  copper  as  they  descend,  the  blende 
rarely  continuing  to  any  considerable  depth.  In 
the  same  district  tin  is  also  commonly  found  at  a 
small  depth,  in  veins  which  afterwards  prove  rich 
in  copper.  ''  Among  other  instances  that  might  .be 
quoted,  are  the  two  deep  extensive  copper  mines 
called  Huel  Unity,  and  Cook's  Kitchen, .  both  of 
which  were  worked  for  tin  at  first.  In  both,  tbe 
tin  was  soon  extracted ;  but  it  should  be  noted  as 
an  uncommon  circumstance,  that  in  the  latter  mine; 
after  working  to  the  depth  of  one  hundred  and 
eighty  fathoms,  first  through  tin  and  afterwards 
through  copper,  tin  was  found  again,  and  ha%  con- 
tinued down  to  its  present  depth  of  two  hundred 
and  ten  fathoms  from  the  surface.  It  ought,  how- 
ever, to  be  added,  that  some  portion  of  tin  was  found 
in  different  parts  of  the  vein,  which  may  therefore 
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be  said  to  have  prevailed  more  or  lesa  from  the  sur^ 
face  to  the  present  workings  *." 

The  thickness  of  veins^  and  the  quantity  and 
quality  of  the  ore  they  contain^  vary  in  every  mine. 
Some  veins  are  only  a  few  inches  wide ;  others  are 
several  feet^  and  sometimes  several  yards^  in  width. 
Veins  are  often  narrow  in  one  part^.and  swell  out 
in  another.  The  vein  at  the  Dolcoath  mine  in 
Cornwall  varies  from  two  or  three  feet^  to  forty  feet^' 
and  in  some,  places  it  contracts  to  little  more  than 
six  inches.  The  vein-stone  is  quartz^  in  which  Bte 
imbedded  masses  called  bunches  of  copper  pyrites^ 
consisting  of  copper  united  with  sulphur. 

Beside  rake  veins^  there  are  other  mineral  repo- 
sitories^ called  flat  veins^  or  flat  works  and  pipe  veins. 
In  some  instances  a  rake  vein  declines  from  its  re* 
gxilar  inclination^  and  has  taken  the  direction  of  the 
beds  or  strata  for  a  grater  or  less  extent^  and  then 
resumes  its  former  inclination.  In  other  instances 
the  cavities  between  beds  or  strata  are  filled  with 
metallic  ores^  lying  between  an  upper  and  lower 
stratum^  like  a  seam  of  coal^  and  are  subject  to  simi* 
lar  dislocations :  but  these  are  not  regular  strata ; 
they  may  frequently  be  traced  to  a  perpendicular 
or  rake  vein^  from  which  they  appear  to  be  lateral 
expansions ;  see  Plate  7.ifig.  S.  There  is  generally 
what  is  called  a  rider^  or  mass  of  mineral  matter 
between  the  ore  of  very  strong  rake  veins^  and 
that  in  the  flat  veins^  at  the  place  of  junction. 
The  flat  veins  that  run  parallel  between  the  strata^ 
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frequently  open  into  hrge  ca? ities  filled  with  ore 
and  vein-stone :  these  cavities  dose  agaiii  by  tlie 
contracting^  or  what  the  miners  call  twitching  of 
the  stdes^  by  which  the  ore  is  nearly  w  totally  ex- 
cluded. Such  expansions  and  twttchtngs  are  tdso 
common  to  rake  veins/  and  are  represented  at  ce^ 
Plate  4.  fig.  4. 

The  blue  John  or  fluor  spar  mine  near  Castleton 
id  of  this  kind.  The  vein  which  contains  this  spar 
is  separated  firom  the  limestone  rock  by  a  lining 
of  cawk  or  sulphat  of  barytes^  and  by  a  thin  layer 
of  unctuous  clay ;  it  swells  out  into  kage  cavities^ 
which  contract  again  and  entirely  exclude  the  ore^ 
leaving  nothing  but  the  lining  of  the  vein  to  con- 
duct the  miner  to  another  repository  of  the  Bpar. 
The  crystallizations  and  mineral  incrustations  oa 
the  roof  and  sides  of  the  natural  caverns  which  are 
passed  through  in  thid  mine^  fiaur  exceed  in  beauty 
those  of  any  other  cavern  in  England ;  and  were 
the  descriptions  of  the  Orotto  of  Antiparos  trans- 
lated into  the  simple  language  of  truths  I  am  in- 
clined to  believe^  it  would  be  fiound  inferior  in 
magnificence  and  splendour  of  mineral  decoration^ 
to  the  natural  caverns  in  the  fluor  mine.  This 
mine  is  rarely  visited  by  travellers:  the  descent  is 
Bafe>  but  the  roof  being  Jow  in  some  parts  it  is 
rather  difficult  of  access. 

The  pipe  vein  may  be  described  as  a  tubular 
mass  of  ore  and  vein^stone^  generally  descending 
in  the  direction  of  the  beds^  and  widening '  and 
contracting  in  its  course.  In  reality^  the  pipe  vein 
is  a  variety  of  the  flat  vein^  having  the  sides  closed 
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or  twitched  in,  so  as  to  form  a  tube  or  cavity  of 
irregular  shape,  and  of  very  limited  extent  along 
the  line  of  bearing,  but  descending  to  a  great  depth. 
One  metallic  vein  often  crosses  or  cuts  through 
another,  and  displaces  it:  in  such  instances  it  is 
evident  that  the  vein  which  is  cut  through,  must 
be  more  ancient  than  that  which  intersects  it.   This 
observation  respecting  the  relative  ages  of  veins 
was  first  made  by  Mr.  Pryce  in  his  Mmeralagia 
CornubiensiSs     The  difierent  position  of  veins  is 
represented  in  Plate  4.  fig.  4,  where  a  a  is  a  vein 
intersecting  a  rock  ;  it  divides  in  part  of  its  course 
and  unites  again,  and  finally  branches  off  into 
small  strings.     In  many  instances  these  strings 
lead  to  a  further  continuation  of  the  vein ;  perhaps 
this  would  be  found  to  be  the  case  in  all,  were  the 
workings  carried  on  in  the  same  direction.    6  6  is 
another  vein  which  cuts  through  the  former,  and 
has  thrown  the  lower  part  of  the  vein  a  out  of  its 
course^    Sometimes  one  vein  passes  through  an* 
other  without  changing  its  direction.     When  one 
vein  crosses  another  which  has  an  opposite  incli* 
nation,  it  is   observed  tliat  they   often  become 
poorer ;  but  when  two  veins  which  have  the  same 
general  inclination  unite,  they  are  most  frequently 
very  rich  in  ore  at  the  junction  ;  (Plate  7.  fig.  4.  a 
and  b;)  and  when  a  number  of  veins  cross  each 
other  at  one  place,  they  sometimes  form  a  cone  or 
mass  of  ore  of  prodigious  size,  widening  as  it  de- 
scends.   Such  are  called  accumulated  veins.   They 
occur  in  the  mining  district  of  Durham  and  Norths 
uroberland,  in  the  metalliferous  limestone.      The 
excavation  formed  when  the  ore  is  worked  out  re- 

2  d2 
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Minbles  in  shape  the  inside  of  a  letfge  glass  far- 
nace.  The  masses  of  ore  formed  bj  the  junction 
of  numerous  veins  converging  to  one  place^  are 
very  different  from  the  masses  of  ore  formed  by 
the  swelling  out  of  one  metallic  bed  before  de« 
scribed. 

The  direction  of  rake  veins  is  not  very  regular. 
In  England^  the  principal  veins  generally  run  nearly 
east  and  west^  and  north-east  and  south-west ;  but 
have  frequently  undulations  and  deviations  from  a 
straight  line :  the  most  powerful  veins  are  more 
regular  in  their  course  than  smaller  ones.  Where 
two  veins  in  the  same  district  have  the  same  direc^ 
tion^  or  run  parallel^  it  is  observed  that  their  con^ 
tents  are  similar ;  but  where  they  run  in  different 
directions^  the  contents  vary.  Molina^  in  his  inter- 
esting History  of  Chili^  mentions  a  vein  of  silver 
at  Uspalata^  in  the  Andes^  which  is  nine  feet  in 
thickness  throughout  its  whole  extent^  and  has 
been  traced  ninety  miles.  Smaller  veins  branch 
off  from  each  side  of  it^  and  penetrate  the  neigh- 
bouring mountains  to  the  distance  of  thirty  miles. 
It  is  believed  that  this  vein  stretches  to  the  distance 
of  three  hundred  miles.  A  vein  called  the  Tids* 
well  Rake,  in  Derbyshire^  extends  some  miles  east 
and  west ;  it  is  worked  from  the  surface^  and  may 
be  seen  near  the  road  side^  between  Great  Hucklow 
and  Tidswell.  I  was  informed  in  Cornwall^  that 
no  vein  in  that  county  had  been  traced  in  length 
more  than  two  miles ;  nor  had  any  vein  been  worked 
out  in  depth :  the  common  width  of  the  veins  is  from 
one  to  two  feet^  but  sometimes  it.  exceeds  SO  feet 

In  Cornwall  and  Devonshire^  and  in  the  mines 
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of,  Northumberland  and  Durham^  the  principal 
Bietallic  veins  range  nearly  east  and  west.     In  the 
former  counties  they  are  called  lodes,  in  the  latter 
r^ht  running  veins.    The  north  and  south  veins 
which  intersect  them  are  called  cross  courses ;  these 
are  seldom  productive  of  ore.     The  thin  cross 
courses  filled  with  clay  are  called  ^uan.     I  was  in- 
formed by  an  intelligent  proprietor  of  mines  in 
Comwallj  that  these  thin  cross  courses  invariably 
displace  the  veins^  and  hold  up  the  water  on  one 
side  of  the  vein ;  but  it  is  most  worthy  of  notice^ 
that  a  vein  which  is  rich  in  ore  on  one  side  of  the 
fluan^  will  be  poor  on  the  other.     Query,  Is  this 
connected  vnth  theftuan  holding  up  the  water?  In 
Cornwall  the  cross  courses  displace  the  east. and 
west  veins ;  the  displacement  is  only  a  few  indies 
in  some  veins,  in  others  it  is  several  fathoms.     On 
Alston  Moor  in  Cumberland,  a  large  cross  course 
called  Old  Carr's  cross  vein,  cuts  through  two  veins 
called  Goodham  Gill  vein  and  Grass  Field  hill  vein, 
and  has  thrown  them  aside  about  fifteen  or  twenty 
fathoms.   When  the  cross  course  intersects  the  east 
and  west  veins  at  right  angles,  the  displacement  is 
generally  less,  than  when  it  strikes  it  in  an  oblique 
direction.    This  effect  will  be  more  clearly  con- 
ceived by  referring  to  Plate  7.  fig.  3.  which  is 
supposed  to  represent  a  ground  plan  of  the  prin* 
cipal  veins  intersected  by  a  cross  course. 
.    In  Northumberland  and  Durham,  cross  courses 
contain  ore,  near  their  junction  with   powerful 
veins.    In  Cornwall,  ores  of  silver  and  cobalt  have 
been  found  in  some  of  the  cross  courses;  and  at 
the  BotaUack  mine,  north  of  the  Land's  End,  a 


406  THEBOTALLACK  MINE. 

powerful  cross  course^  running  north  and  southt  id 
made  rich  by  the  junction  of  east  veins^  which  re** 
semble  small  rivulets^  opening  into  a  river.  Their 
position  will  be  better  understood  by  referring  to 
Plate  7.  fig.  6.  The  direction  of  the  cross  course 
or  great  vein  running  north  and  souths  is  repre^ 
sented  by  the  letters  N.S.  the  direction  of  the 
small  veins^  rich  in  ore^  which  open  into  it^  are  re-^ 
presented  by  e  e  e.  The  cross  course  is  rich  in 
orcj  to  the  distance  of  twenty  or  thirty  fiithoms^  on 
each  side  of  its  junction  with  a  vein ;  but  no  v^ins 
are  found  branching  from  the  west  side  of  the  cross 
course.  The  cross  course  is  worked  in  those 
paits,  where  it  is  rendered  rich  by  the  junction 
with  veins;  the  small  veins  are  also  worked  fof 
ore^  and  are  very  productive.  The  rock  is  what  is 
caHed  a  free  or  soft  kilkui^  near  the  great  croM 
course  or  vein ;  but  further  from  it^  it  becomes  a 
hard  blue  Elvan  flinty  slate.  The  width  of  the 
v«n  varies  from  nine  to  twelve  feet  It  contains 
gmy  copper  ore  of  a  rich  quality.  Sometimes  the 
sides  of  the  vein  are  copper  ore^  and  the  middle  is 
tin  ore^  as  represented  Plate  7.  fig.  7,  which  is  a 
vertical  section  cS  part  of  the  vein ;  fig.  6«  is  an  hori* 
zontal  section.  The  master  of  the  mine  furnished 
me  with  the  above  particalans;  and  under  his  direc^ 
tion^  I  made^  on  the  spot^  the  two  rough  «ections^ 
which  will. serve  to  convey  a  better  notion  of  this 
smguiar  metallic  repository^  than  can  be  obtained 
by  a  verbal  description. 

Nor  should  it  be  omitted^  that  the  entrance  of 
this  mine  is  at  the  foot  of  a  precipice  more  than 
SOO  feet  in  Iieight^  on  the  border  of  the  Atlantic 
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Ocean,  and  the  workings  of  the  mine  extend  two 
hundred  and  thirty  yardi  under  the  sea.  From,  this 
submarine  recess^  I  saw  rise  up^  one  of  the  best** 
formed  and  noblest-looking  men  I  ever  beheld>--ra 
perfeot  model  for  the  ApoUo  of  a  sculptor* 

Particular .  metallic  ores  are  peculiar  to  certaio 
rocks.  Thus^tin-ore  occurs  in  granite  and  aoroe 
kinds  of  slate/  but  has  never  beeq  found  in  lime** 
stone.  Certain  ores  are  not  unfrequently  associ-* 
ated  together :  thus  lead  and  zinc  often  occur  in 
the  same  vein^  but  in  different  proportions..  The 
same  metel  in  various  combanations  is  often  found 
in  one  vein :  thus  native  copper,  sulphuret  of  cop* 
per^.  carbonate  of  copper  or  malachite,  sulphat  of 
copper  w  blue  vitriol,  and  copper  combined  with 
lead  and  iron,  frequently  occur  together  in  the 
same  mine. 

Galena,  a  sulphuret  of  lead,  is  often  associated 
with  white  lead  ore,  or  carbonate  of  lead.  The 
latter,  though  a  rich  ore  containing  seventy  per 
cent  of  lead,  has  no  metallic  appearance,  and  was 
mistaken  for  cawk,  and  thrown  away,  by  the  minens 
in  Derbyshire,  until  the  year  1803  or  1804.  The 
mines  of  that  county  have  been  worked  ever  since 
the  time  4^  the  Empeior  Adrian,  and  the  quantity 
of  ore  which  has  been  wasted  during  that  period 
must  have  been  immense*. 


■*  T'"' 


e  I|i  1810  few  of  the  WQrkiog  miaen  could  difltiiigiii^h.coni^ 
pact  white  lead  ore,  from  cawk  or  sulphat  of  barjtes ;  their  spe- 
cific grayity  and  appearance  are  not  very  different.  The  follow, 
ing  test  is  of  easy  application,  and  will  serve  to  discover  the 
presence  of  lead : — If  a  small  quantity  of  flowers  of  sulphur, 
mist  with  a  Uttle  potash  or  soda,  be  melted  on  the  point  of  a 
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Ill  what  maimer  metallic  veins  were  fitted  with 
ore  has  greatly  divided  the  opinioiis  of  geologiflta. 
Dr,  Hutton  suppoBes  that  both  dykes  and  veina 
were  filled  with  their  contents  in  a  state  of  fuaioa 
by  injection  from  below^  the  expansive  force  of  the 
melted  matter  having  cracked  the  surface^  and 
opened  a  passage  for  its  reception*  That  many 
dykes  were  so  formed  I  think  probablOj  from. cir- 
cumstances previously  stated.  Other  dykes  appear 
to  have  been  open  fissures  filled,  by  materials 
vmshed  from  the  surface^  and  contain  rounded 
stones  and  sometimes  undecayed  vegetable  matter. 
From  a  dyke  of  clay  in  a  coal  mine,  ia  Yorkshire, 
two  hundred  and  fifteen  feet  deep,  I  have  dmwn 
out  long  vegetable  fibres^  apparently  roots ;  the 
woody  part  of  which  was  unchanged,  and  burned 
like  the  roots  of  common  weeds.  Werner  sup- 
poses aU  veins  and  dykes  were  first  produced  by 
the  shrinking  of  the  materials  of  which  mountains 
are  composed ;  and  that  metalUc  veins  have,  been 
filled  from  above  by  the  ores  in  a  state  of  solution. 
This  theory  has  been  advanced  with  much  confi- 
dence^ and  warmly  supported  by  many  geologists : 
but  I  have  no  hesitation  in  asserting^  that  it  is  de* 
monstratively  repugnant  to  facts  :  indeed,  the  im- 
plicit credit  which  has  been  given  to  Werner's 
dogmas  on  this  subject,  is  one,  among  numerous 
instances,  of  men  of  distinguished  talents  resigning 
their  judgement  to  authority,  and  supporting  the 


knife,  in  a  candle,  and  supplied  to  the  moistened  snrface  of  the 
stone,  it  will  make  a  black  spot  if  the  mineral  contain  white 
lead  ore. 
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mostabsurd  propositions^  when  conformaMe  to  their 
fiiTOurite  hypotheses.  If  veins  were  filled  by  me- 
tallic solutions  from  above^  these  solutions  must 
have  covered  the  highest  mountains  over  the  whole 
earth;  and  instead  of  finding  metallic  ores  in  Ihe 
present  confined  repositories^  they  would  fill  all  the 
cavities  and  valleys  in  every  part  of  the  world. 
As  this  theory  supposes  likewise  that  veins  were 
formed  at  different  times^  a  number  of  these  me* 
tallic  sohitions  would  succeed  each  other^  and  we 
should  find  regular  strata  of  ore  in  all  primary  and 
transition  rocks ;  and  the  quantity^  formed  by  these 
deep  seas  of  metallic  matter^  would  be  inconcei-. 
vably  great*. 

This  theory  is  decidedly  invalidated  by  the  fi)l<' 
lowing  ikcts.  When  a  metallic  vein  passes  through 
different  kinds  of  rock^  it  is  generally  observed  that 
the  quality  of  the  ore  varies  with  that  of  the  rock 
tiirough  which  it  passes ;  and  even  different  beds 
of  the  same  rock  are  more  productive  than  others^ 
and  are  called  by  miners  bearing  measures.  This 
is  the  case  in  Durham^  Derbyshire^  Cornwall^  and 
probably  in  every  mining  district  in  England  and 
Wales. 

Not  only  does  the  variation  in  the  nature  of  the 
rock  occasion  a  change  in  the  quantity  or  quality 
of  the  ore^  but  the  mineral  substance  or  matrix 


*  Metallic  ores  may,  in  some  instancesy  have  been  formed  ia 
fissures  which  were  once  open  at  the  top,  or  veins  may  hare 
been  re^opened  by  a  subsequent  convulsion.  The  round  pebbles 
irhich  are  sometimes  found  in  veins,  prove  that  there  must  in 
such  instances  have  been  a  connection  with  the  surface. 
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which  accompanies  ores^  generally  nuriefl  in  diffe-t 
rent  kinds  of  rock.  Quartz  and  barytea .  are  more 
frequent  in  granke  and  slate  rocks^  than  calcareous 
spar.  In  calcareous  mountains^  -quartz-  is  more^ 
rarely  the  prevailing  matrix.  In  the  counties  oC 
Durham  and  Northumberiand^  Teins  pass  through 
siliceous  sandstone,  argillaceous  shale,  and  lime-* 
stone.  See  Plate  7.  fig.  2.  The  ore  is  more  ahun* 
dant  in  the  limestone  than  in  the  sandstone,  and  in 
the  shale  proirinciatty  called  plate,  ore  very  rarely 
if  ever  occurs.  In  one  mine  at  Welhope,  the. mar 
trix  of  the  vein,  as  it  passes  through  the  isandstoDOj 
is  cawk  or  the  sulphat  of  barytes;  but  when  it 
enters  the  limestone,  it  changes  to  carbonate  of  baT 
rytes  ia  balls,  having  a  radiatied  diverging  structure. 
But  what  is  still  more  deserving  of  notice,  whaii 
the  rock  on  one  side  of  a  vein  is  thrown  up  or  down 
considerably,  so  as  to  bring  a  stratum  of  limestone 
opposite  a  stratum  of  sandstone,  or  when  what  are 
caUed  the  walls  or  cheeks  of  the  vein  are  of  two 
different  kinds  of  stone,  (see  Plate  7.  fig.  5.)  the 
vein  is  never  so  productive  in  ore,  as  when  both 
sides  of  the  vein  are  of  the  same  kind.  This  fact 
alone  seems  sufficient  to  invalidate  the  theory  of 
Werner,  that  veins  were  filled  with  metailf c  solu- 
tions poured  in  from  the  upper  part.  Had  this  been 
the  case,  the  nature  oi  the  rock  could  have  made 
no  difference  in  the  quality  or  quantity  of  the  ore. 
Werner  in  his  Treatise  of  Veins,  states  one 
instance,  as  if  it  were  extraordinary,  of  the  ore 
changing  its  quality,  as  the  vein  passed  through 
different  rocks ;  and  is  inclined  to  admit  that  elec- 
tive affinity  for  the  rock,  may  have  contributed  to 
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the  effect.  The  circumstance^  00  ftr  firom  bein^ 
extraordinary^  is  of  common  occurrence^  and  known 
to  all  working  miners.  The  entire  cessation  of  the 
ore  in  one  pari-  of  a  rock^  and  its  re-appearance 
below^  are  still  more  striking. 

In  Derbyshire  the  beds  of  metalliferous  lime- 
stone^ are  separated  by  beds  of  basaltic  rock  caUed 
toadstone*.  When  a  veui  of  lead  is  worked 
through  the  first  timestone  down  to  the  toadstone^ 
it  ceases  to  contain  any  ore^  and  often  entirely  dis^ 
appears :  on  sinking  through  the  toadstone  to  the 
second  limestone^  the  ore  is  found  again,  but  is  cut 
off  by  a  lower  bed  of  toadstone^  under  which  it 
appears  again  in  the  third  limestone.  In  strong 
veins^  particles  of  lead  occur  In  the  toadstone^  but 
in  very  small  quantities. 

If  mineral  veins  were  filled  from  above  by  me-' 
tallic  solutions^  it  is  impossible  to  conceive  that  the 
nature  of  the  rock  should  change  the  quality  of  the 


*  The  fact  of  metallic  veins  being  entirelj  cut  off  by  the  beds 
of  toadstone,  has  recently  been  doubted ;  it  is  supposed  that 
the  ?eia  is  oontin'oed  through  the  toadstone,  though  it  coataios 
no  ore :  but  the  fact  of  Teiut  being  cut  off  by  the  seamt  of  etaj 
between  the  strata  (called  way-boards)  has  not  been  denied,  that 
I  Ikuow  of.  The  last  time  I  was  in  Derbyshire,  I  endeavoured, 
but  in  vain,  to  obtain  correct  information  respecting  the  veins 
being  entirely  cut  through  by  the  toadstone.  There  is  at  the 
present  tine,  a  vein  working  in  what  is  called  toadstone,  above 
the  village  of  Matlock ;  but  the  stone  it  a  softish  green  argilla- 
ceous stone,  intermixed  with  limestone.  If  the  way-boards  of 
clay  cut  through  the  metallic  veins,  the  conclusions  to  be 
drawn  from  the  fact,  are  the  same  as  if  they  were  cut  through 
by  toadstone.  I  haive  therefore  left  the  description  of  the  Der- 
bysUre  veins  naaltered  from  the  fMrmer  edition. 
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ore;  much  less  could  the  ore  disappear  in  one 
stratum^  and  appear  again  in  a  stratum  below  it. 
Nor  could  the  vein  be  filled  with  melted  matter 
ejected  from  below ;  for  in  either  case  it  would  be 
equally  impossible  to  explain  why  the  ore  is  sepa- 
rated by  the  toadstone^  though  the  vein  is  conti- 
nued through  it.  See  Plate  4.  fig.  5,  where  b  b  b 
are  three  beds  of  limestone  divided  by  beds  of  toad- 
stone  e  e,  and  covered  by  sandstone.  When  the  vein 
descends  to  the  first  bed  of  loadstone  e,  it  entirely 
disappears ;  but  on  sinking  through  to  the  second 
bed  of  limestone  b,  the  vein  is  found  again ;  it  dis- 
appears a  second  time  at  the  next  bed  of  loadstone, 
and  reappears  in  the  lower  limestone.  Another 
vein,  a  a,  is  supposed  to  penetrate  the  beds  of  toad- 
stone  e  e,  but  contains  no  ore  where  it  passes  through 
them.  The  upper  part  of  the  vein  a  isrepresented  as 
penetrating  the  superincumbent  sandstone,  which 
is  sometimes  the  case  :  in  this  part  of  the  vein  the 
most  curious  productions  of  the  Odin  mine  near 
Castleton  are  discovered.  In  some  situations,  where 
the  beds  of  limestone  are  divided  by  seams  of  clay, 
provincially  called  way-boards,  these  way-boards 
cut  ofi*  the  vein  as  effectually  as  the  toadstone. 
Such  facts  prove  that  these  veins  were  not  filled 
from  above.  Professor  Jameson  has  conjectured 
that  the  beds  of  toadstone  and  limestone  in  Derby- 
shire, with  the  metallic  veins,  were  all  cotempora- 
neous,  and  that  the  toadstone  crossed  through  the 
veins,  at  the  time  of  their  formation ;  but  the  dif- 
ferent organic  remains  in  the  upper  and  lower  beds 
of  limestone  preclude  the  possibility  of  their  having 
been  formed. at  the  same  time.    The  zoophytes  in 
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the  lower  bed  of  rock  could  not  be  living  and  co- 
existent with  the  sheH-fish  in  the  upper^  nor  with 
the  vegetable  remains  occasionally  found  in  the 
sandstone  which  frequently  covers  the  whole^  and 
into  which  the  veins  sometimes  shoot.  Cuvier  has 
well  observed^  that  the  existence  of  different  or- 
ganic remains  offers  incontestable  proofs^  that  the 
upper  and  lower  strata  in  which  they  were  founds 
were  formed  in  succession. 

If  metallic  matter  were  not  poured  in  from  above^ 
nor  ejected  from  below^  in  what  manner  did  it 
come  into  the  vein  ? — The  state  of  chemical  sci- 
ence^ and  the  facts  at  present  known^  are  too  li- 
mited to  furnish  a  solution  to  this  interesting  ques- 
tion. There  are^  however^  certain  indications 
which  may  serve  as  a  clue  to  future  discovery.  The 
variation  of  the  minerail  products  in  veins  as  they 
pass  through  different  strata^  seems  to  prove^  that 
the  strata  were  efficient  causes  in  producing  this 
variation.  Perhaps  metallic  matter  was  diffused 
through  different  rocks  according  to  their  elective 
affinity^  and  separated  from  them  by  voltaic  elec- 
tricity^ the  different  sides  of  the  vein  possessing 
different  states  of  electricity ;  or  the  strata  may  act 
like  a  series  of  plates  in  the  voltaic  pile^  separating 
and  secreting  metallic  matter  from  its  different 
combinations.  Some  of  the  metals  and  other  sub«- 
stances  found  in  veins^  are  capable  of  solution  in 
hydrogen  gas^  and  perhaps  all  of  them  may  be  so 
by  natural  processes ;  in  this  state  they  may  have 
penetrated  the  vein  and  deposited  their  contents. 

The  discovery  of  the  metallic  nature  of  the  very 
earths  of  which  rocks  are  composed^  and  the  pro*> 
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babOity  that  the  metals  themselves  art  compound 
substances  of  which  hydrogen  forms  a  part^  open 
new  views  respecting  the  formation  of  metaiKc 
matter  by  natural  processes^  which  may  be  within 
the  reach  of  human  power  to  develop^  if  not  to 
imitate. 

'  If  metallic  matter  be  now  forming  in  mines^  the 
process  of  its  formation  is  extremely  slow ;  but  there 
are  circumstances  which  appear  to  prove  that  it 
may  in  some  instances  be  perceived.  Mr.  Trebra^ 
director  of 'the  mines  in  Hanover,  informed  a  gen- 
tleman of  my  acquaintance,  that  he  had  seen  a  lea* 
ther  thong  suspended  from  the  roof  of  a  mine, 
coated  with  silver  ore :  he  has  also  observed  native 
silver  and  vitreous  silver  ore  coating  the  wooden 
supports  left  in  a  mine  called  Dreyweiber,  in  the 
district  of  Marienburgh,  which  had  been  under 
water  two  hundred  years,  and  was  opened  in  1777. 

Mr.  Trebra  vras  led  from  his  own  observations 
on  mines  to  infer,  that  metallic  ores  are  formed  by 
mineral  exhalations,  or  were  once  in  a  gaseous 
state.  Mr.  Westgarth  Forster,  a  practical  miner 
in  Northumberland,  states,  that  at  Wolfcloogh 
mine,  in  the  county  of  Durham,  which  was  closed 
for  more  than  twenty  years,  and  opened  again, 
needles  of  white  lead  ore  were  observed  projecting 
from  the  walls,  more  than  two  inches  in  length. 

These  and  oUier  phenomena  observable  in  mines, 
may  convince  us  that  there  are  processes  going  on 
at  present  in  the  great  laboratory  of  the  earth,  and 
perhaps  there  are  analogous  processes  taking  pbce 
in  the  atmosphere,  which  may  throw  some  light  on 
these  hidden  operations  of  nature.    The  formation 
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matter  on  the  surface  of  walls^  is  a  fact 
which  merits  more  attention  than  it  has  hitherto 
received.  Dr,  Kidd^  of  Oxford^  has  published  some 
very  ingenious  observations  and  experiments  on 
the  spontaneous  production  of  nitre  on  limestone^ 
which  may  lead  to  more  important  results  than 
the  learned  Professor  appears  to  have  anticipated. 
These  experiments  show^  that  neither  the  alkali 
nor  the  acid  exists  previously  in  the  stone*  Nor  do 
they  exist  ready  formed  in  the  moisture  of  the  atmo- 
Mfhere,  dry  frosty  weather  being  particularly  fa- 
vourable to  the  rapid  production  of  nitre^  and  moist 
weather  the  contrary. 

When  a  portion  of  the  wall  was  protected  from 
access  to  the  atmosphere  by  glass^  which  projected 
a  little  distance  from  the  surface^  the  formation  of 
nitre  v^nt  on  for  a  certain  time  and  then  ceased. 
The  saline  crystals  were  better  denned  and  longer 
than  on  the  other  parts  of  the  wall.  When  the  wall 
was  coated  with  painty  crystals  of  nitre  were  even 
formed  on  the  paint.  The  formation  of  carbonate  of 
lead  on  the  walls  of  the  mine  at  Wolfclough  may 
be  analogous  to  the  formation  of  nitre ;  and  in  both 
instances^  the  surface  of  the  wall  and  of  the  atmo- 
sphere>  may  perhaps  be  considered  as  two  galvanic 
plates  in  action^  decomposing  and  recompounding 
the  elements  of  metallic  or  saKne  matter  from  the 
atmosphere^  or  the  gaseous  fluids  with  which  it  is 
intermixed.  Thebaseof  nitre  (potassium)  is  known 
to  be  a  metal ;  and^  could  we  seize  nature  in  the  act 
^f  producing  a  fixed  idkali  from  more  simple  ele- 
tif^ents^  we  might  compel  her  to  reveal  the  process 
hy  which  she  prepares  be^  metallic  treasures  in  the 
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deep  recesses  of  the  earth.  Nor  can  the  discovery 
be  very  remote ;  for  we  are  already  acquainted 
with  the  composition  of  the  volatile  alkali^  and  are 
thereby  enabled  successfully  to  imitate  nature  in  its 
formation. 

When  the  matrix^  or  the  substance  which  prin- 
cipally fills  veins^  is  a  soft  unctuous  day^  masses 
and  particles  of  ore  are  often  disseminated  through 
itj  varying  in  size  from  a  pea  to  that  of  a  large 
gourd,  and  are  sometimes  even  of  many  tons  weight. 
Masses  of  vein-stone  are  also  imbedded  in  the  same 
manner ;  and  it  is  observed  that  the  masses  both  of 
ore  and  vein-stone  are  of  no  determinate  shape,  and 
have  generally  the  appearance  of  being  corroded. 
Are  we  to  conclude  in  such  instances,  that  the  hard 
minerals  and  metallic  ores,  have  been  formed  in  the 
substance  of  the  clay  by  some  peculiar  elective 
affinity,  or  that  they  once  occupied  the  cavity  of  the 
veip,  and  have  been  all  subsequently  decomposed, 
except  the  remaining  detached  masses  ?  I  should  be 
more  inclined  to  adopt  the  former  opinion ;  but  it 
must  be  allowed,  that  there  are  inexplicable  in- 
stances of  the  disappearance  of  minerals  which  for*^ 
merly  existed  in  veins. 

The  formation  of  one  mineral  upon  the  crystals 
of  anotlier,  and  the  disappearance  of  the  crystal 
which  has  served  as  the  mould,  is  indeed  a  common 
phenomenon  in  many  English  mines,  I  have  be- 
fore me  a  mass  of  rock  crystal  from  Durham,  formed 
on  cubic  fluor  spar ;  but  the  crystals  of  the  latter 
have  entirely  disappeared,  leaving  nothing  but  the 
impression  of  their  form.  In  the  mines  of  Derby- 
shire, incrustations  of  calamine  are  formed  on  cal* 


€tllre^tt9  irystab/lAlciiigllJfi  sha^of  thie' dog-tooth 
«fiar  {  bat  in  these  felsecrystabno  trace  b£'tbie'iiite<- 
vi^  cr^stet  is' left.  £!ejrtaHi  local'  catise8.aIso  a|ypear 
ioiniumoe  the  dirjMaffizatioQ  of  mirieralain  differ^ 
bnt  dtfitriols,  and  ^pose'tHein  to'take  peculidf  scr- 
nonAary  fertnsr; !wluch  jnay  ^be^GonaidercJiasfiipproi- 
priate  to  Uie  miRends  of  thak^  district. .  ^Fhe  pyrai- 
biildal  crystallisation  of  dkrbonate  of  lime/caUed  tha 
idog-^ooth  spar  (Chdux  earhomt^eisnetaalatifue  of 
ifoilyX  is  abiuidknt  ia!  some  of  th^  mines  of  Der^ 
byshire  ;  :vf  Uilst  'the  same  mineral,'  cardy  assu'mes 
ihfit  .fcfrm  Ma  the  mines  of  Notthumberlalidi' 
Durham^  bitt  la  ci7staffix6d .  in  otbet  .fbrnnls> 
lire  dqubUy.rare  in  the  Deriiyshire  mihes^  dSIUor 
spar>  andibarytM  spar^  have  appropriate  forms  fm 
diffiftrent:  dietticta, .  from  which  .asiy  d^iationb  may 
be  'Ceiiitdered  as  variaties.  .  The  cacises.  which  oc- 
casion this  diversity  of  secondary  forms  in'tpinera^ 
tvbose  icoastituetnt  parts  appear  by  obetoicali  aha* 
IjFSJs  to  be  preeisely  the  same,  are  linkaown ;  nor 
fire  we  able,  to  explain  in  what  manner  the  cryatah 
before  .meAlioned  ha¥e  disappeared :  but  these  fiiicts 
prove,  thaA  the  powers  of  nature. extend* beyoadtba 
present  liiaits, of  science ;  and  it:i9  more  consoiiant 
yfith  the' true  spirit  oif  phibsofdiy  frankly  to  atkndw^ 
ledge  our  ignorance^  than  to  £brm  sy^ma  fh>fi  i'm- 
pdrfect  data,  whijcli  can  only  senre  to  perpetrate 
error. 

Metallic  ores  in  rounded  fragments,  and  grains 
of  native  metals,  are  freiquently  found  in  the  sands 
of  rivers ;  they  have  been  carried  there  by  torrents 
or  inundations ;  the  rocks  in  which  they  were  ori- 
ginally formed^  having  been  disintegrated  or  decern* 
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posed.  The  metals  gold^  and  platuia^  being  inde^ 
«tructible  by  the  action  of  air^  water^  or  the  mine- 
ral actds^  remain  for  ages  unchanged,  in  the  fbrm 
of  minute  grains.  The  oxide  of  tin  is  a  very  heavy 
and  hard  mineral ;  and  it  is  owing  to  its  weight  and 
indestructibility^  that  it  is  found  in  the  sands  of 
rivers^  or  on  -the  sea  shore^  where  it  sometimes  oc- 
curs in  considerable  quantities^  and  is  separated 
from  the  sand  or  alluvial  soil^  by  directing  streams 
of  water  over  it ;  hence  such  works  are  in  Cornwall 
called  Stream  Works.  With  the  pebbles  of  tin- 
stone^ there  are  fragments  of  granite  and  other 
rocks>  which  serve  to  indicate  from  what  mountains 
in  the  vicinity  the  stream  tin  has  been  washed  out 
Particles  and  small  pieces  of  gold  are  sometimes 
found  with  stream  tin^  in  the  sands  of  CornwalL 

Mr.  Hennah^  of  Plymouth,  has  in  his  collection 
several  pieces  of  native  gold^  varying  from  the/ size 
of  a  bean  to  that  of  a  hazel-nut ;  they  were  found 
in  stream  works  near  St.  Austel :  he  has  also  a  spe« 
cimen  of  stream  tin^  eight  or  nine  inches  in  lengthy 
and  live  or  six  in  breadth^  which  was  evidently  once 
part  of  a  vein.  In  the  same  stream  work  tbey 
could  distinguish  at  different  depths,  the  different 
veins  from  which  the  ore  had  been  washed  out. 
Thepebbiesof  tin  ore,  have  in  some  situations  been 
washed  into  the  sea,  and  afterwards  covered  by 
beds  of  clay  or  gravel.  In  Mount's  Bay,  south  ai 
the  town  of  Penzance,  there  was  formerly  a  bed  of 
stream  tin  worked  under  the  sea.  The  stream  tin 
covers  the  killas  or  slate  rock  of  the  country,  and 
is  covered  by  a  bed  of  clay  :  a  perpoidicular  shaii 
or  tunnel  was  sunk  through  the  chy,  and  the  bed 
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of  8tFeain  tin.  was  woifced  like  a  bed  of  coal^  the  clay 
toriadng  the  roof.  See  Plate  7.  fig.  S.  The  work^ 
ings  were  continued  under  the  aea^  but  were  at 
lesDigth  inundated  and  discontinued. 

The  following  is  a  summary  account  of  the  rocks 
and  situations  in  which  the  different  metallic  ores 
are  generally  found : 

.  Pbtina  and  the  recently  discovered  metals  called 
palladium^  rhodium,  osmium,  and  iridium,- hare  only 
been  found  in  the  sands  of  rivers. 

Gold  and  silver  are  found  in  primary  and  traiisi- 
tion  rocks,  in  porphyry  and  sienite,  and  in  the  lowest 
sandstone.  Gold  has  been  occasionally  discovered 
in  coal,  and  very  abundantly  in  the  sands  of  rivers, 
and  sometimes  in  volcanic  rocks. 

Mercury  is  found  in  slate,  in  limestone,  and  in 
coal  strata. 

Copper,  in  primary  and  transition  rocks,  in  por- 
phyry, sienite,  and  occasionally  in  sandstone,  in 
coal  strata,  and  alluvial  ground.  Masses  of  native 
copper  of  many  thousand  pounds  weight,  are  said  to 
be  found  on  the  surface  in  the  interior  of  North 
America. 

Iron,  in  every  kind  of  rock* 

Tin,  in  granite,  gneiss,  mica-slate,  and  slate. 

Lead  and  zinc,  in  primary  and  transition .  rocks, 
except  trap  and  serpentine;  in  porphyry  and  denite; 
in  the  lowest  sandstone,  and  occasionally  in  coal 
strata. 

Antimony,  in  primary  and  transition  mountains, 
except  trap  and  serpentine;  it  is  also  found  in  por- 
phyry and  sienite. 

Nickel,  bismuth,  cobalt,  in  primary  mountains, 

8  £  8 
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except  liroestone^  trap^  and  Mrpentine.  Cobalt  and 
•nickel  also  occur  in  transition  mountains^  and  iii 
Mndfltond. 

Arsenic^  in  primary  and  transition  mountains^ 
and  in  porphyry. 

Manganese,  in  primary  arid  ttanskion  mouktaini^ 
and  occasionally  in  the  lower  stratified  rocks. 

Molybdena  and  tangsten^  uranium,  and  titaniam, 
in  granite,  gneiiss,  mica-sbte,  and  slate.  The  latter 
metals,  with  chromium,  columbrnni,  cerium,  and 
tellurium,  are  very  rare  in  natane^  and  can  only  be 
reduced  to  the  metallic  state  with  great  difficulty.  ^ 
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CHAPTER  XVIIL 

ON  THE  DESTRUCTION  OF  MOUNTAINS— AL- 
LUVIAL  AND  DILllVIAL  DEPOSITIONS.— THE 
FORMATION  OF  SOILS.— AND  ON  THE  BONES 
OF  QUADRUPEDS  IN  BEDS  OF  GRAVEL  AND 
CLAY,  AND  IN  CAVERNS. 

Proofs  of  the  I^ntegration  of  Rodu.-«^The  rapid  deitntction 
.  of  Moaatains  dependent  on  their  Stmctnre. — ^Tbe  Fall  of 
Mont  Grenier  and  other  Moantains  in  the  Alps. — The  break- 
ing  down  of  the  Barriers  of  Mountain  Lakes. — Masses  of 
Rock  scattered  over  Valleys  and  Hills.— On  the  Increase 
and  Decrease  of  ContinentB  and  Islands^  and  the  Formation 
•  of  productive  Soils.-^Recont  Strata  formed  in  Lakes.^^Peat 
and  Peat  Moors. — Human  Bodies  preserved  in  Peat.— Innn. 
dations  of  Sand. — Coral  Islands. — ^The  Remains  of  Land 
Quadrupeds  found  in  Bogs,  in  Beds  of  Clay  or  Gravel,  and 
in  Caverns. 

The  disintegration  of  rocks  and  mountains  is  con* 
stantly  taking  place  by  the  incessant  operation  of 
the  elements;  all  bare  aad  lofty  cliffs  and  emi* 
nences  are  g^radually  wearing  down ;  and  the  pro-) 
cess  will  go  on^  until  they  are  covered  with  soil  and 
vegetation^  which  protect  them  from  further  decay « 
Beside  the  causes  which  at  present  operate  to  re* 
duce  the  most  exposed  and  prominent  parts  of  the 
earth's  surface^  and  transport  their  materials  into 
plains^  or  to  the  sea  shore,  there  are  evident  indi- 
cations of  the  destructive  effects  of  ancient  inundar 
tioDs,  which  have  swept  over  the  surface  of  the 
present  continents^  have  excavated  pew  valleys^ 
tarn  off  the  summits  of  the  loftiest  mountains^  m4 
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spread  their  ruins  in  immense  fragments  over  di- 
stant regions.  The  sand^  soil^  or  fragments,  brought 
down  by  rivers^  and  spread  along  their  banks  or  at 
their  mouths,  are  called  aUutial  depositions.  The 
blocks  of  rockj  and  the  beds  of  grafel  spread  or 
scattered  on  the  surface  of  the  ground^  composed 
of  stone  or  fragments  foreign  to  the  district  in 
which  they  are  spread,  and  which  frequently  cover 
the  bones  of  unknown  species  of  quadrupeds,  are 
called  dilumal  dqi)08Uiofis,  viz.  depositions  which 
have  been  formed  by  a  deluge.  We  shall  first  consi- 
der the  causes  which  are  at  present  wearing  down  the 
surface  of  islands  and  continents  :  these  are  some- 
times adequate  to  produce  the  most  tremendous 
effects^  and  to  overthrow  mountain  masses  of  im- 
mense magnitude.  By  considering  these  effects^  we 
shall  be  belter  prepared  to  admit  the  mighty  action 
of  diluvial  agency  in  remote  epochs.  Indeed  it  is 
not  always  easy,  to  distinguish  with  certainty  the 
effects  of  alluvial  from  diluvial  agency.  We  have, 
however^  incontestible  evidence^  that  the  disinte- 
gration  of  mountains  has  been  effected  by  both 
causes. 

Instances  have  occurred  in  our  own  times  of 
mountains  suddenly  falling  down ^  and  burying  the 
inhabitants  of  the  vales  below^  under  their  ruins, 
in  the  AIps^  the  process  of  disintegration  is  rapidly 
going  on  ;  but  such  is  the  immensity  of  these  enor- 
mous mountains^  that  ages  pass  away,  before  any 
diminution  of  their  bulk  is  perceived. 

According  to  the  account  of  Patrin,  who  bod 
travelled  in  Northern  Asia,  the  whole  of  that  coun- 
try is  covered  to  the  depth  of  many  hundred  feet 
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¥y  innumerable  beds  of  micaceous  and  argillaceous 
sand^  washed  down  by  inundations  from  the  high 
range  of  mountains  in  the  interior  of  Asia,  and 
carried  as  fiir  as  Siberia.  The  deserts  of  Arabia 
are  also  covered  with  alluvial  or  diluvial  depositions. 
C.  Leckie^  Esq.  informed  me,  that  between  Hit  and 
Tahiba,  the  soil  is  composed  of  sand  and  gravel,  on 
which  may  be  seen  small  volute  and  bivalve  shells ; 
but  the  sand  is  not  loose  like  that  in  the  deserts  of 
Libya. ' 

That  the  mountains  of  our  island  have  once  been 
much  higher  than  at  present,  is  evident  to  every 
one  who  has  attentively  examined  them.  The  rocky 
fragments  in  Borrowdale,  the  deep  ravines  made  by 
torrents  in  the  sides  of  Skiddaw,  the  immense 
blocks  of  granite  from  Westdale  Crag  in  West- 
moreland, scattered  over  the  neighbouring  counties, 
offer  striking  proofs  of  this.  The  central  parts  of 
England  have  also  once  had  a  greater  elevation. 
The  white  quartz  pebbles  and  fragments  of  quartz 
rock,  sienite  and  flinty  slate,  spread  over  the  mid- 
land counties,  are  the  remains  of  the  decomposed 
hills  in  Cbamwood  Forest,  and  of  others  once  con- 
nected with  them,  which  are  now  worn  down« 
Beds  of  flint-gravel,  are  formed  by  the  disintegra- 
tion of  chalk  rocks,  in  which  flints  are  imbedded, 
as  may  be  seen  on  the  sea  shore  under  chalk  cliffs ; 
but  beds  of  flint-gravel,  are  also  spread  over  many 
parts  of  England  distant  from  chalk  rocks,  and  at  a 
considerable  elevation  above  the  level  of  the  sea. 
Hence  we  have  evidence  that  chalk  rocks  once 
covered  a  larger  portion  of  England  than  at  pre- 
sent.     It  is  however  in  the  vicinity  of  the  Alps 
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that  Uie  distntegpattng  effiecU  of  the  elaneate,  and 
thoBe  of  diluvial  agjeiicy,  are  most  striking^ly  dis- 
(ilayed.    .  tnntiineilible  blocks  of  primary   rocka 
torn  from  theeenf  ral  range  of  mountains^  are  spread 
over  the  cfetlcareoiis  mountains^  and  m  the  valleys^ 
to  the  distance  of  one  hundred  miles  or  more  from 
their  native  beds.    Blocks  of  g^eat  size  are  also 
fotind   immediately   under  the    mountains   from 
whence  they  have  fallen,  or  scattered  over  the  sur^ 
face  of  glaciers ;  and  as  the  lower  parts  of  the  gla- 
ciers are  gradually  melting,  the  upper  parts  pro- 
gressively move  down  into  the  valleys,  and  deposit 
thie  fi*agments  in  heaps  at  their  feet : — ^these  deposit* 
tions  of  stone  are  called  minrains.    The  destruction 
of  granitic  and  schistose  mountains,  that  are  di- 
vided by  nearly  vertical  seams  or  partings,  is  often 
rapidly  effected ;  water,  insinuating  itself  into  the 
interstices  or  seams,  becomes  expanded  by  frosty 
and  tears  down  great  masses  of  rock,  with  a  sudden 
e^losion  like  that  of  gunpowder.    The  overthrow 
of  calcareous  rocks  is  effected  in  a  different  manner, 
and  the  vast  ehoulements  which  they  occasion,  are 
more  terrific  and  destructive  than  the  ehoulements 
from  the  primary  mountains^  as  they  generally  take 
place  in  more  thickly  inhabited  districts. 

The  destruction  of  the  calcareous  mountains  in 
the  Alps,  depends  on  the  peculiar  composition  and 
structure  of  these  mountains.  In  the  year  1821, 1 
.passed  a  great  part  of  the  summer  in  examining 
the  calcareous  mountains  in  Savoy  ;  the  structure 
of  which  was  then  not  understood,  or  at  least  had 
not  been  described  in  any  geological  work  that  I 
Jiad  met  with.  It  was  genemlly  believed  tliat  the  cal- 
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careouft  inountainfl  were  entirdy  composed  of  beds 
of  limestone^  with  lofty  mural  precipices  on  the  up- 
per pi^rt ;  aiid  that  the  lower  parts^  sloping  from 
these  precipices^  were  formed  of  the  debris  of  the 
Kmestone.  So  far  from. this  being  the  case^  the 
calcareous  mountains  of  the  Alps^  which  comprise 
all  the  English  formations^  from  the  magnesian 
Kniestone  to  chalky  alternate  like  the  English  forma-^ 
tions,  widi  enormous  beds  of  shale  and  soft  sand- 
stone ;  and  it  is  to  this  alternation^  they  owe  the  fre** 
quent  destruction  of  the  upper  parts  of  the  moun-* 
tains* 

'  If  all  our  English  secondary  forniations  were  by 
some  powerful  cause  elevated  six  or  seven  thou-^ 
sand  feet  above  their .  present  levels  and  the  beds 
bent  into  curves  constituting  several  ranges  of 
mountains^  we  should  have  precisely  what  is  found 
in  the  calcareous  ranges  of  the  Alps.  This  arched 
fbcBi  of  the  calcareous  mountains  is  represented 
Plate  2.  fig.  1.  and  fig.  9.  x,  y.  Now  if  one  thick 
bed  of  limestone,  or  a  portion  of  it,  be  broken 
off  as  at  2,  fig.  S,  the  action  of  continued  rains 
on  the  soft  bed  on  which  it  rests,  will  undermine 
it,  until  other  portions  of  the  limestone  will  fall 
down ;  and  if  this  process  take  place  on  both  sides 
of  the  mountain;  the  whole  of  the  bed  of  lime* 
stone  will  fall,  except  the  part  which  rests  flat  upon 
the  summit :  and  in  this  manner  have  been  left  the 
enormous  caps  of  limestone,  like  immense  castles, 
that  compose  the  summits  of  the  calcareous  moun- 
tains, near  the  lake  of  Annecy,  and  the  Bauges. — 
Sometiities  wbed  the  mountains  are  seen  in  profile, 
the  caps  which -form  tan  extended  range  in  front. 


426  DEtTEUCnON  09  MOUNTAINS. 

present  the  appearance  of  a  narrow  ridge  when 
seen  in  profile. 

The  mountain  called  the  Dent  d'Alenfon^  near 
the  Lake  of  Annecy^  offers  a  remarkable  instance 
of  this.  See  Plate  8.  fig.  6.  The  mass  of  limestone 
on  its  summit^ -» which  I  found  by  trigonometrical 
measurement  to  rise  3840  feet  above  the  lake,  and 
to  be  nearly  five  hundred  feet  in  thickness^ — was 
undoubtedly  once  a  continuous  bed^  covering  the 
mountain  like  a  mantle^  as  represented  by  the 
dotted  lines :  in  the  course  of  ages^  the  side  a  a 
has  fallen  down^  and  the  steep  escarpment  on  the 
other  side  at  6^  is  at  present  undermining,  by  the 
action  of  rain  on  the  soft  bed  c  c,  and  preparing 
tor  a  further  disintegration.  The  soft  bed  c  c, 
which  forms  the  talus  or  slope^  being  partly  covered 
with  vegetation  on  the  side  6  c,  is  in  some  parts 
protected  from  rapid  disintegration.  On  the  oppo- 
site side  of  the  valley^  I  found  that  the  thick  bed, 
which  formed  the  talus  or  slope  under  the  limestone^ 
was  lias  clay.  1  was  notable  to  ascend  the  Dent  d' 
Alen^on,  and  therefore  did  not  ascertain  whether 
the  bed  c  was  soft  sandstone  or  lias.  In  numerous 
instances,  the  upper  beds  of  limestone  in  the  moun- 
tains of  Savoy  may  be  observed  overlapping  and 
overhanging,  as  at  a  a,  Plate  S.  fig.  I,  and  are 
thus  prepared  to  fell,  whenever  the  rain  and  frost 
has  widened  the  longitudinail  natural  fissures  in  the 
limestone.  The  present  state  of  Mont  Grenier, 
south  of  Chambery,  and  the  vast  mins  in  the  plain 
below,  offer  a  striking  illustration  of  the  causes 
which  are  in  operation,  to  disintegrate  the  vast 
calcareous  mountains  of  Savoy.-<--The  following 
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description  is  copied  from  the  1st  volume  of  my 
Travels.  ''A  part  of  Mont  Grenier  fell  down  in  the 
year  1248^  and  entirely  buried  five  parishes^  and 
the  town  and  church  of  St.  Andre.  The  luins 
spread  over  an  extent  of  about  ^ine  square  miles^ 
and  are  called  les  Alymes  de  Myans.  After  a  lapse 
of  so  many  centuries^  they  still  present  a  singular 
scene  of  desolation.  The  catastrophe  must  have 
been  most  awful  when  seen  from  the  vicinity ;  for 
Mont  Grenier  is  almost  isolated^  advancing*  into  a 
broad  plain^  which  extends  to  the  valley  of  the 
Isere.  It  is  several  miles  in  length,  and  is  con- 
nected with  the  mountains  of  the  Grand  Chartreux^ 
but  it  is  very  narrow.  Its  longitudinal  direction  is 
from  east  to  west :  near  the  middle  it  makes  a  bend 
towards  the  north,  forming  a  kind  of  bay  or  conca- 
vity on  the  southern  side." 

'^  Mont  Grenier  rises  very  abruptly  upwards  of 
4000  feet  above  the  plain.  It  is  capped  with  an 
immense  mass  of  limestone  strata,  not  less  than  600 
feet  in  thickness,  which  presents  on  every  side  the 
appearance  of  a  wall.  The  strata  dip  gently  to  the 
side  which  fell  into  the  plain.  This  mass  of  lime- 
stone rests  on  a  foundation  of  softer  strata,  pro- 
bably molasse;  under  which  are  distinctly  seen 
thin  strata,  alternating  with  soft  strata.  The  an- 
nexed cut  represents  the  east  wing  of  the  mountain 
and  a  small  part  of  the  Alymes  de  Myans.  There 
can  be  little  doubt  that  the  catastrophe  was  caused 
by  the  gradual  erosion  of  the  soft  strata,  which 
undermined  the  mass  of  limestone  above,  and  pro- 
jected it  into  the  plain.  It  is  also  probable,  that  the 
part  which  fell^  had  for  some  time  been  nearly  de- 
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tacfacfd  Troiri  the  mountain  by  a  shrinking^  of  the 
iottthem  side ;  as  there  is  at  present  a  rent  at  this 
end^  upwards  of  200O  feet  deep^  which  seeing  to 
have  cut  off  a  large  Election  from  the  eastern  end^ 
thai  now 

^  Hangs  in  doubtful  rums  iround  its  base^* 

as  if  prepared  to  renew,  the  catastrophe  of  1S48: 
The  Alymes  de  Myans  are  hills;  or  rather  mdnti-^ 
culeftof  a  conical  shape  J  Varying  in  height  froiri 
twenty  to. thirty  feet  ;'they  coyer  about  nine  sqaare 
miles:,  the  monticules  are- composed  of  fragments 
0f  calcareous  strata^  som^  of  ^hich  are  of  immense 
size^  They  consist  of  yellowish  oolitic  limestone^ 
strongly  resembling  the  lower  oolites  in  Glouces- 
tershire ;  a  gray  limestone^  harder  and  more  crystal* 
line  than  lias^  whieh  however  it  may  probably  he  ; 
a  thin  slaty  arinaceous  limestone^  much  tesenibUng 
Stonesfleld  slate.  Fragments  of  schistose  chert, 
were  interstratified  with  some  of  the  limestone."  ; 
'  '^  The  largest  masses  hare  evidently  fallen  from 
the  upper  bed  of  limestone  by  which  Mont  Greniec 
is  capped.  The  velocity  they  would  acquire  by 
&lling  from  so  great  a  height,  making  due  allow-^ 
ance  for  the  resistance  of  the  atmosphere^  c6uld 
not  be  less  than  300  feet  per  second ;  and  the  pro- 
jectile force  they  gained  by  striking  against  the 
base  of  the  mountain,  or  against  each  other,  has 
spread  them  far  into  the  plain.  In  the  course  of 
years,  the  rains  or  currents  of  water  from  dissolving 
snows^  have  furrowed  channels  between  the  larger 
masses  of  stone,  and  washing  away  part  of  the 
loose  earth,  have  left  the  immense  niimber  of  de- 
tached conical  hills  which  are  seen  at  present. 
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So  deep  and  vast  was  the  mass  of  ruins  that  co^ 
vered  the  town  of  St.  Andre  and  the  other  parishes, 
that  nothing  belonging  to  them  has  been  discovered, 
except  a  small  bronze  statue/'  (Page  201,  vol.  i.) 

A  part  of  a  mountain  near  Servos  on  the  road  to 
Chamouny  fell  down  in  the  year  1751.  The  fall 
continued  for  many  days^  and  the  air  was  darkened 
with  immense  volumes  of  black  dust^  which  ex^ 
tended  for  twenty  miles,  and  is  still  remembered 
by  some  of  the  oldest  inhabitants  of  Chamouny. 
A  continued  successbn  of  reports,  like  those 
of  cannon,  announced  the  successive  falling  of 
rocks^  day  and  night.  The  mountain  did  not^ 
like  that  of  Mont  Grenier,  fisdl  at  once ;  for  it  is 
composed  of  a  succession  of  beds  of  limestone 
resting  on  sandstone^  and  extremely  fragile  schist, 
which  are  even  now  yielding  to  the  constant  action 
of  rain.  A  deep  excavation  under  a  precipice  of 
limestone  near  the  summit,  appeared  in  18S1  to 
threaten  a  renewal  of  the  catastrophe  of  1751*. 

In  the  Swiss  Alps,  the  great  ebotdementa  f  which 


*  In  anEsBaj  tur  let  Caract^retZoologiquet^  by  M«  Brong- 
niart,  pnblifihed  in  183%,  he  bat  given  a  section  of  this  moua* 
tain ;  and  from  the  fossils  in  the  npper  bed,  and  the  green  sand 
intermixed,  he  has  with  much  probability  classed  it  with  the 
chalk  formation.  The  lower  beds  of  the  mountain,  containing 
ammonites,  he  still  classes  with  transition  rocks ;  but  I  am  per- 
suaded that  these  lower  beds  are  not  more  ancient  than  the  En- 
glish lias,  or  the  blue  beds  of  the  magnesian  limestone :  and  in 
this  mountain,  Montague  de  Fis,  we  have  aU  the  upper  secon. 
dary  strata  of  this  part  of  Savoy  in  one  group. 

f  The  fall  of  parts  of  mountains  is  so  common  an  occurrence 
in  the  Alps,  that  it  is  expressively  called  an  eboulemeni^  from  the 
verb  ebouler.  In  Devonshire  and  Dorsetshire,  the  fall  of  the 
cliffs  is  called  a  rougement. 
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\me  destroyed  whole  villag^es^  have  been  caused 
by  the  sliding  down  of  highly  inclined  beds  of 
loose  conglomerates,  which  have  been  undermined 
at  their  bases.  This  will  be  better  understood  by 
referring  to  Plate  S.  fig.  f.  If  a  bed  of  conglome- 
rate^ b,Bk  is  frequently  the  case  in  the  Swiss  Alps, 
forms  the  outer  side  of  a  mountain,  uncovered  by 
any  harder  stratum,  tlie  action  of  rains  upon  its 
base,  tends  to  destroy  and  undermine  it,  and  the 
whole  bed,  perhaps  several  hundred  feet  in  thick* 
ness,  is  suddenly  precipitated  into  the  valley.  In 
1806,  a  part  of  the  mountain  of  Rosberg,  between 
the  lakes  of  Zug  and  Laworts,  fell  down,  from  the 
cause  here  mentioned,  and  buried  a  considerable 
part  of  the  valley,  and  several  of  the  inhabitants. 

Where  the  soil  is  favourable  to  vegetation,  the 
debris  or  ruins  from  the  Ml  of  mountains,  become 
covered  with  vineyards  and  chesnut-trees ;  of  which 
we  have  an  example  in  the  soil  that  covers  the 
former  town  of  Pleurs,  near  Chavennes,  and  all  its 
noble  palaces,  belonging  to  opulent  citizens  of  Mi« 
Ian.  On  the  26th  of  August,  1618,  ''an  inhabitant 
entered  the  town  and  said  that  he  saw  the  moun- 
tains cleaving :  he  was  laughed  at  for  his  pains ;  but 
in  the  evening  the  mountain  fell  and  buried  the  town 
and  all  its  inhabitants.  The  number  destroyed  is 
stated  to  be  2430,  of  whom  not  one  escaped,  except 
the  person  who  warned  them  of  their  danger." 

Where  the  soil  is  unfavourable  to  vegetation,  the 
ruins  remain  exposed  to  the  action  of  rains,  and  of 
torrents  from  the  sudden  melting  of  snow,  which 
furrow  channels  through  them,  and  leave  detached 
monticules,  as  in  the  Ahymes  de  Myans;  but  it  is 
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indent,  that  liy  these  causes  they  could  not  hi 
transported  to  distant  countries^  except  in  the  com-^ 
Ininuted  form  of  sand  or  niud. 

There  Bte,  however,  other  causes  in  present  a^^^ 
tivity,  which  tear  down,  large  masses  of  rock,  and 
(»rry  them  many  .miles 'from  their  native  sites* 
The  mountain,  valleys  in  this  higher  Alps>  on  the 
confines  of  eternal  sniow,  sometimes  become  dosed 
by  the  extension  of  a  lateral  glacier  across  them, 
which  dams  in  the  wattt  from  the  melting  of  Al* 
pine  snow,  and  forms  a  mountain  lake,  etevated 
niany  thousand  feel  above  the  lower  habitable  val- 
leys. During  very  hot  summers,  the  same  cause 
which  increases  the  waters  in  the  lake,  by  a  mote 
rapid  meltbg  of  the  Alpine  snows,  diminishes  th^ 
strength  and  thickness  of  the  barrier  of  ice ;  it 
is  rent  asunder,  and  the  whole. vrater  of  the!  lake 
is  suddenly  precipttaied  into  die  lower  valleys  with 
tremendous  violenoe,  tearing  down  and  bearing 
along  with  it  all  opposing  obstacles :  the  water  is 
seen  approaching  like  a  moving  wal.  In  this  man*^ 
ner  was  the  village  of  Martigny  in  the  Valais  nearly 
destroyed  in  1818.  A  similar  inundation,  in  the 
vallc^y  of  the  Upper  Doron  in  the  Tarentaise,  took 
place  in  the  following  year*  1  had  an  opportunity 
of  observing  its  effects,  which  appeared  to  equal  in 
intensity,  but  not  in  extent,  those  of  diluvial  action. 
Numerous  blocks  of  rock  of  vast  sise,  were  brought 
down  by  the  torrent,  and  scattered  over  a .  small 
plain  at  the  mouth  of  the  lateral  valley,  akmg  which 
they  had  descended.  These  blocks  were  chiefly 
quartz  rock,  intermixed  with  a  few  blocks  of  mica 
and  talc  slate. 
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Thn  group  of  rocky  maMes,  brought  down  by 
a  mountain  inundation  in  our  own  tiroes^  renders 
it  probable^  that  the  detached  blocks  and  groups,  of 
rocky  fragments^  spread  over  many  parts  of  the 
valley  of  Geneni^  and  the  sides  of  the  adjacent 
mountains^  roaybave  been  brought  there  by  simila^r 
causes.    The  groups  often  consist  of  one  kind  of 
rock  with  little  intermixture ;  in  other  parts^  fi'ag^ 
ments  of  different  rocks  are  intermixed  in. the  same 
group.    They  all  have  been  transported  from  the 
jcientral  range  of  the  Alps^  at  a  distance  of  from  fifty 
to  one  hundred  miles  or  more/  from  the  places 
where  tiiey  are  now  lying.    The  circumstance 
which  roost  strongly  arrests  our  nbttccj  is  the  vast 
dize  of  these  blocks^  and  the  height  at  which  they 
•  are  found. 

On  the  Great  Saleve  near  Geneva^  there  is  one 
block  of  granite  seven  feet  in  lengthy  at  the  height 
of  8500  feet  above  the  valley  :  some  blocks  oa  the 
south  side  of  the  valley,  are  at  the  height  of  9000 
feet  above  it.    In  a  wood  between  Copey.  and  Ny* 
on^  there'  is  one  block  of  homstone  seventy  feet  in 
length.    These  blocks  lie  upon  the  surfiu^  of  the 
ground,  and  are  never  found  in  the  subjacent  strata. 
But  the  most  remarkable  fact,  is  that  of  their  occur- 
rence on  the  northern  side  of  the  Jura ;  they  must 
therefore  have  been  carried  over  that  lofty  jrahgie. 
The  action  of  mountain  inundations,  however  great, 
seems  inadequate  to  produce  such  effects  ;-^6ttf  is  k 
not  possible,  that  the  granite  blocks  were  originaify 
deposited  upon  a  more  levd  soU,  and  have  been 
raised  up  with  the  calcareous  mounUiins,  at  a  subV 
sequent  period  ? 

Sf 
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If  the  iDountatns  and  yalleys  were  already  mised 
and  excavated^  when  these  blocks  were  transported^ 
they  could  only  have  been  carried  oyer  the  Jura 
by  a  mig^hty  deluge^  which  had  covo'ed  the  summits 
of  the  AIps^  and  submerged  all  the  present  conti- 
nents under  its  waves.  Nor  are  there  wanting 
proofs  of  such  extensive  inundations^  in  every 
country  of  the  old  worlds  that  has  yet  been  examined. 

To  return  to  the  causes  which  are  in  the  prbient 
time  wearing  down  the  surfieuse  of  islands  and  oon^ 
tinents. — The  action  of  the  sea  upon  the  cUfis  in 
England^  proves  in  a  striking  manner  the  changed 
which  this  important  agent  can  effect  in  the  space 
of  a  few  centuries,  and  sometimes  in  a  few  years. 
In  Devonshire  and  Dorsetshire,  on  the  coasts  of 
Sussex,  Kent  and  Suffolk,  the  sea  has  made  great 
incroachments  on  the  land  since  the  time  of  the 
Norman  Conquest ;  as  may  be  proved  both  by  an- 
cient records,  and  by  what  is  now  taking  place, 
the  cliffs  being  undermined  by  high  tides,  kurge 
portions  of  land  are  yearly  faUing  into  the  sea. 

It  may  however  be  doubted,  whether  the  surface 
of  dry  land  is  not  gradually  increasing  on  the  whok 
globe.  The  depositions  from  the  sea  and  from 
rivers  are  fiOing  up  bays,  estuaries  and  lakes :  all 
broad'  flat  valleys,  and  almost  all  low  and  fertile 
plains,  were  once  covered  with  water.  On  the 
eastern  part  of  our  own  island,  though  the  land  is 
wearing  away  i»  some  parts,  it  is  increasing  more 
rapidly  in  others*  The  flat  parts  of  Lincolnshire, 
Cambridgeshire,  and  Holdemess  in  Yorkshire,  have 
been  gbined  from  the  sea,  or  from  rivers,,  by^  depo- 
sitions of  sand  and  mud  at  no  very  remote  period ; 
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and  the  process  is  goings  on  daily.  In  many  parts, 
the  sea  during  high  tides  is  above  the  present  level 
of  the  land,,  and  is  kept  out  by  embankments.  In 
Yorkshire,  the  proprietors  contrive  tt>  raise  the 
surface  of  the  ground,  by  what  is  called  warping. 
At  the  higher  spring  tides,  they  open  sluices  in 
the  embankments*  and  cover  the  land  with  the 
turbid  sea-water,  which  remains  until  it  has  depo- 
sited its  ccmtents^  and  is  let  out  at  low  water.  The 
quantity  of  earthy  matter  held  in  suspension  by 
rivers  aft^  heavy  rains  is  prodigiously  great.  Ac- 
cording to  Major  Rennell^  a  glass  of  water  taken 
from  the  Granges  at  the  height  of  its  inundations, 
yields  one-fourth  sediment.  Mr.  Barrow  says,  in  bisr 
account  of  China,  that  the  quantity  of  mud  brought 
down  by  the  Yelbw  River,  was  found  by  calcula-* 
tion,  founded  on  experiment,  to  exceed  two  million 
sofid  feet  peF  hour;  and  that  some  miles  distant 
from  the  sea  the  river  was  three  quarters  of  a  mile 
broad,  and  was  running  at  the  rate  of  seven  or  eight 
miles  an  hour.  A  great  part  of  the  enormous  mass  jof 
niud^  which  is  perpetually  brought  down  by  the  Yel* 
lowRiver,  is  borne  by  strbngcurrents  from  the  Yellow 
Sea  intotheGulphof  Petchdee,  where  the  stillness 
of  the  water  allows  it  to  subside.  Into  the  same 
gtilph,  the  river  of : Peking  discharges  itself;  and 
Mr.  Barrow  observes,  that  a  great  part  of  the  land 
adjoining  this  gulph,  has  apparently  been  formed 
by  the  sand  and  mud  brought  into  it;  for  the  tide 
iowa  inland  one  hniidred  and  ten  miles,  and  often 
inundates  the  whole  country,  the  general  level  of 
which,  is  not  more  than  two  feet  above  the  level  of 
the  river;  indeed^  the  deepest  part  of  the  gr^at 
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gulph  of  Petchelee^  does  not  exceed  twelve  fathoms/ 
and  the  prodigious  number  cf  sandy  islands  just 
appearing  above  the  surfiitce^  are  said  to  have  been 
formed  within  the  records  of  history.  {Barrow's 
China,  p.  492.) — From  the  above  account^  there  is 
every  probability^  that  this  wide  g^lph  will  soon  be 
filled  up  by  alluvial  and  marine  depositions.  The 
Gulph  of  Mexico^  according  to  Humboldt;  is  gm-^ 
dually  filling  by  the  sand  brought  into  it  from  the 
Caribbean  Sea  on  the  south  side^  and  from  the  vast 
rivers^  the  Rio  del  Norte  and  the  Mississippi: 
The  increase  of  land  at;the  mouth  of  the  Nile^  and 
of  many  European  rivers^  is  well  known.  Adria^ 
which  was  once  a  port  of  the  Adriatic  Sea^  (to  which 
it  gave  its  name^)  is  now  six  leagues  in-land.  In  lakes; 
the  diminution 'of  the  surfisice^  by  the  gradual  in- 
crease of  land  at  the  mouths  of  the  rivers  which' 
flow  into  them^  is  still  more  remarkable.  The  mikA 
and  debris  brought  intb  the  lake  of  Geneva  by  the! 
Rhone^  and  deposited  near  its  entrance^  has  made 
die  land  advance  two  miles  in  the  space  of  1700 
years^ — the  Roman  harbour  Portus  Yalesias  being^ 
now  that  distance  from  the  lake.  All  the  lakes  in 
Savoy  and  Switzerland^  and  in  our  own  island,  are 
gradually  diminishing  by  similar  causes.  To  mul- 
tiply instances  of  this  kind,  would  be  incompatible 
with  the  limits  of  the  present  volume ;  every  atten^ 
tive  observer  must  have  noticed  them  in  the  conri^e 
of  his  travds. 

All  the  most  fertile  parts  of  the  globe  were  formed- 
by  alluvial  depositions  :  alluvial  agency  appears*  to 
have  been  the  means  employed  in  the  cecoiiomy  of 
nature,  to  prepare  the  world  for  the  residence  of 


T0E.  FORMATION  OF  801I.S.  43? 

social  and  civilized  man :  the  roost  ancient  cities  of 
which  we  have  any  authentic  record^  Babylon; 
Nineveh^  and  Thebes^  were  founded  in  the  midst 
of  alluvial  soils^  deposited  by,  the  Euphrates^ .  the 
Tigris,  and  the  Nile :  indeed  it  does  not  appear  un« 
reasonable  to  believe^  that  the  formation  of  soils 
for  the  support  of  vegetables  and  animals^  was  the 
final  cause  for  which  the  world  was  created^  and  to 
which  all  terrestrial  changes  ultimately  refer. 

It  has  been  justly  observed  by  Dr.  Paley  and 
others^  that  in  the  peculiar  conformation  of  the 
teeth  in  graminivorous  animals^  and  in  the  produc- 
tion of  grasses  which  serve  them  for  food^  we  may 
trace  evident  marks  of  relation^  and  of  a  designing 
intelligent  cause.  With  equal  reason  must  we  admits 
that  the  destruction  of  mountains  and  the  formation 
of  soils  for  the  support  of  the  vegetable  tribes  are 
provided  fbr  by  the  same  cause^  and  are  part  of.  a 
regular  series  of  operations  in  the  oeconomy  of 
nature.  Hence  also  we  may  infer^  that  those  grand 
revolutions  of  the  globe^  by  which  new  mountains 
or  continents  are  elevated  from  the  deep^  are  part 
of  the  same  series^  extending  through  ages  of  inde- 
finite duration^  and  connecting  in  one  chain^  all 
the  successive  phaenomena  of  the  material  univecBCrf 

By  a  wise  provision  of  the  Author  of  nature  it. is 
ordained^  that  those  rocks  which  decompose  rapidly, 
are  those  which  form  the  most  fertile  soils;  for  the 
quality  of  soils  depends  on  the  nature  of  the  rocks 
from  which  they  were  formed.  Granitic  and  silt* 
ceous  rocks  form  barren  and  sandy  soils ;  argilhi- 
ceous  rocks  form  stiff  clay  ;  and  calcareous,  rocks, 
when  mixt  with  clays^  form  marie;  but  when  not 
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covered  by  other  strata^  they  support  a  hhort,  but 
mitritious  vegetation.  For  the  formation  of  pro- 
ductive soils,  an  intermixture  of  the  three  earths, 
clay,  sand,  and  lime,  is  absolutely  necessary.  The 
oxide  of  iron  appears  also  to  be  a  requisite  ingre- 
dients The  proportion  necessary  for  the  formation 
of  good  soil,  depends  much  on  the  nature  of  the 
climate,  but  more  on  the  quality  of  the  8ub-s(»il,  and 
its  power  of  retaining  or  absorbing  moisture.  This 
alone  may  make  a  soil  barren,  which  upon  a  different 
sub-soil  would  be  exceedingly  productive.  When 
this  is  the  case,  drainage  or  irrigation  offers  the 
only  means  of  permanent  improvement. 

Different  vegetables  also  require  different  ad- 
mixtures of  earth.  They  require  it,  first,  because 
it  is  necessary  to  their  growth,  that  the  soil  should 
be  sufficiently  stiff  and  deep  to  keep  them  firm  in 
their  place ;  and  also  that  it  should  not  be  too  stiff 
to  permit  the  expansion  and  growth  of  their  roots : 
and,  lastly,  that  it  should  supply  them  with,  a  con- 
stant quantity  of  water,  neither  too  abundant  nor 
d^cient.  Hence  we  may  learn  why  different  de* 
grees  of  tenacity,  depth  and  power  of  retaining  or 
absorbing  moisture,  are  required  in  soils  for  differ- 
ent kinds  of  plants.  Thus,  in  uncultivated  conn-* 
tries,  we  find  that  certain  vegetables  affect  parti- 
cular situations  in  which  they  flourish  spontaneously 
and  exclusively ;  and  it  is  only  by  imitating  naturei^ 
and  profiting  by  the  instruction  she  affords,  that 
we  can  hope  to  obtain  advantageous  results^  or  ac- 
quire certain  fixt  principles  to  guide  us  in  our  at* 
tempts,  to  bring  barren  lands  into  a  state  of  profita- 
ble cultivation .     When  rocks  contain  in  their  com- 
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position  a  due  proportion  of  silex^  clay,  and  lime, 
they  furnish  soils  whose  fertUity  may  be  said  to  be 
permanent.  The  most  fertile  districts  in  England 
were  made  so  by  nature;  their  original  fertility 
was  independent  of  human  operation. 

Some  small  portion  of  the  earths  and  alkalies  is 
found  by  chemical  analysis  in  plants  :  biit  it  would 
be  contrary  to  fact  and  analogy  to  suppose,  that  the 
earths  in  a  concrete  state,  form  any  part  of  the  food 
of  plants :  the  earths  and  alkalies  which  they 
contain,  are  in  all  probability  formed  by  the  process 
of  vegetation  from  more  simple  elements;  for  it  is 
now  ascertained,  that  the  earths  and  alkalies  are 
compound  substances. 

The  principal  elements  found  in  plants  are 
hydrogen,  carbon,  and  oxygen ;  and  by  experi- 
ments of  Gay  Lussac  and  Thenard  *,  it  appears 
that  the.  hydrogen  and  oxygen  in  starch,  gum,  ve- 
getable oils,  and  sugar,  exist  in  precisely  the  same 
proportions  that  form  water.  Carbon,  the  other 
principal  elementary  substance  found  in  plants, 
exists  both  in  water  and  in  the  atmosphere.  Water 
and  the  atmosphere  contain  in  themselves,  or  in 
section,  all  the  elements  necessary  for  the  suppcH^ 
and  growth  of  vegetables.  But  most  soils  are 
either  too  wet  or  too  dry,  too  loose  or  too  adhesive, 
to  admit  plants  to  extract  these  elements,,  in  the 
proportions  necessary  for  their  growth.  Manures 
supply  this  deficiency  by  furnishing  in  great  abun^ 
dance  the  hydrogen,  carbon,  or  azote,  which  they 
may  require.  In  proportion  as  soils  possess  a  due 
degree  of  tenacity,  and  power  of  retaining  or  ab* 

*  Recherche!  Phjsico-Chimiquea. 
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sorbing  heat  iind  moisture,  the  necessity  ft>r  a 
supply  of  manure  is  diminished ;  and  in  some*  in- 
stances the  earths  are  so  fortunately  combined,  as  . 
to  render  all  supply  of  artificial  manure  unneces- 
sary. He  who  possesses  on  his  estate  the  three 
earths,— clay,  sand,  and  lime,— -of  a  good  quality. 
With  facilities  for  drainage  or  irrigation,  has  all 
the  materials  for  permanent  improvement ;  the 
grand  desiderata  in  agriculture  being  to  render  . 
wet  lands  dry,  to  supply  dry  lands  with  sufficient 
moisture,  to  make  adhesive  soils  loose,  and' loose 
soils  sufficiently  adhesive. 

The  intermixture  of  soils,  where  one  kind  of 
earth  is  either  redundant  or  deficient,  is  practised 
in  some  countries  with  great  advantage.  Part  of 
Lancashire  is  situated  on  the  red  sand  rock  de- 
scribed in  the  sixth  chapter.  This  rock,  being 
principally  composed  of  siliceous  earth  and  the  ' 
bxide  of  iron,  forms  of  itself  very  unproduc- 
tive land :  but  fortunately,  in  many  situations 
it  contains  detached  beds  of  calcareous  marie 
near  the  surface.  By  an  intermixture  of  this 
marie  ivith  the  soil,  it  is  converted  into  fertile 
land,  and  the  necessity  for  manure  is  superseded. 
The  effect  of  a  good  marie  applied  liberally  to 
this  land,  lasts  for  more  than  twenty  yeat*s.  In 
some  lands,  a  mixture  of  light  marie  which  con- 
tains scarcely  a  trace  of  calcareous  earth,  is  found 
of  great  service.  The  good  efiect  of  this  appears 
to  depend  on  its  giving  to  the  sandy  soil  a  sufficient 
degree  of  tenacity.  The  sterile  and  gravelly  soils 
in  Wiltshire,  have  been  recently  rendered  pro- 
ductive, by  mixing  them  with  chalk;  the  most 
liberal  application  of  manure  having  been  found 
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incff^live»  .or  injurious.  Iq  stiff  clay  soik^  rtkexe 
lime,  is  at  a  g^eat  distance^  the  land  might  fre* 
quently  be  improved  by  an  intermixture  with  sili* 
£eouB  sand.  A  proper  knowledge  of  the  quality  of 
the£ub*Boil^  and  the  position  of  the  sub^strata^  is  ne- 
cessary to  ascertain  the  capability  of  improvement 
which  land  niay  possess.  It  nay  frequently  happen^ 
that  a  valuable  stratum  of  marie  or  stone^  which  lies 
at  a  great  depth  in  one  situation^  may  rise  near 
the  surfiice  in  an  adjoining  part  of  the  estate^  and 
might  be  procured  with  little  expense. 

Lime  is  the  only  earth  which  has  been  generally 
used  to  intermix  with  soils^  and  has  been  con- 
eidered  as  a  manure ;  but  its  operation  as  such  is 
very  imperfectly  understood.  Burnt  lime,  when 
causticj  destroys  undecomposed  vegetable  matter, 
and  reduces  it  to  mould, — so  fiur  its  use  is  intelligi- 
ble. It  combines  also  with  vegetable  or  mineral 
acids  in  the  soil,  which  might  be  injurious  to  yegie- 
tation, — ^here  its  operation  is  likewise  intelligible : 
but  if  we  assert  that  when  burnt  lime  has  absorbed 
carbonic  acid  and  become  mild,  it  gives  out  its  car- 
bon again  to  the  roots  of  plants,  we  assume  a  fact, 
which  we  have  neither  experiments  nor  analogies 
to  support.  The  utility  of  lime  in  decomposing 
vegetable  matter  and  neutralizing  acids  is  obvious : 
but  its  other  u^es  are  not  so.  evident ;  except  we  ad- 
mit that  it  acts  mechanically  on  the  soil,  and  renders 
the  clay  or  sand  with  which  it  is  inlermixt,  better 
.suited  to  the  proper  expansion  of  the  roots,  and 
more  disposed  to  modify  the  power  of  retaining  or 
absorbing  the  requisite  degree  of  heat  and  moisture^ 
which  particular  vegetables  may  demand. 
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Where  earths  are  properly  intermixt,  inistaiiees 
are  known  of  land  producing  a  succession  of  good 
crops  for  many  years^  without  fiedlowing  or  manure. 
On  the  summit  of  Breedon  HiU^  in  .Leicestershic^ 
I  have  seen  a  luxuriant  crop  of  barley  growing  on 
land  that  had  borne .  a  succession  of  twenty  pre- 
ceding crops  without  manuring.  This  is  more  de- 
serving notice^  being  in  an  exposed  and  elevated 
situation^  and  upon  the  very  hill  of  magnesian  lime, 
which  has  been  so  frequently  referred  to  by  chemi- 
cal writers^  as  peculiarly  unfavourable  to  vegetation. 
The  limestone  of  this  hill  contains  above  SO  per 
cent  of  magnesia*. 

The  temperature  requisite  for  the  growth  of 
plants  is  influenced  by  the  power  of  different  soils 
to  absorb  and  retain  heat  from  the  solar  rays,  which 
depends  much  on  their  mobture  and  tenacity.  ''  It 
is  a  well  known  fact,  that  the  vegetation  of  peren- 
nial grasses  in  the  spring,  is  at  least  a  fortnight 
sooner  on  limestone  and  sandy  soils,  if  not  ex- 
tremely barren^  than  on  clayey  or  even  in  deep 
rich  soils :  it  is  equally  true^  but  perhaps  not  so 
well  known,  that  the  difference  is  more  than  re- 
versed in  the  autumn/' — (Observations  on  Mildew, 
by  J.  Egremont,  Esq.) — This  effect  Mr.E.aseribes 
with  much  probability  to  the  rich  or  clayey  soils 
absorbing  heat  slowly,  and  parting  with  it  again 
more  reluctantly  than  the  calcareous  soils, .  owing 


*  The  magiieiian  lime  acts  more  poweiAilly  in  destroTinf 
nndecomposed  vegetable  matter  than  common  lime,  and  its  e^cts 
on  land  are  more  durable :  hence  it  is  in  reality  of  greater  valne 
in  agricnltnre,  as  a  mnch  smaller  quantity  will  answer  the  same 
purpose. 
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to  the  greater  quantity  of  moisture  in  Ae  clay, 
which  is  an  imperfect  conductor  of  heat 

Calcareous  soils  might  frequently  be  much  im- 
proved by  a  mixture  of  clay^  sand,  or  gravel,  v^bich 
in  many  situations  is  practicable  with  little  expense, 
and  would  well  reward  the  labour  of  the  eiq)eri« 
mental  agriculturist. 

CkUeareoua  7\i/a.-— Beside  the  new  land  formed 
by  alluvial  depositions,  beds  of  calcareous  tufa  are 
sometimes  formed  in  valleys,  and  at.  the  bottonl 
of  lakes,  by  a  process  which  bears  some  analogy 
to  chemical  formations.  Springs  containing  ear^ 
bonic  acid,  that  issue  from  limestone  strata,  coup 
tain  particles  of  carbonate  of  lime  chemically  dis- 
solved in  the  water ;  but  on  exposure  to  air  and 
light,  the  carbonic  acid,  which  had  but  a  slight 
affinity  for  the  particles  of  limestone,  separates, 
and  the  particles  of.  lime  are  precipitated  and 
form  calcareous  incrustations :  these  in  a  course  of 
ytors  form  thick  beds,  and  are  sometimes  suffi-* 
ciently  hard  to  be  used  for  building-stone.  The 
Rock  Mill,  near  Stroud  in  Gloucestershire,  is 
built  of  this  stone.  In  almost  all  limestone  coun<* 
tries,  there  are  instances  of  calcareous  incrusta- 
tions  formed  in  springs,  which  have  received  the 
name  of  petrifying  wells. 

In  the  first  edition  of  this  work,  I  ventured  to 
predict  that  were  ancient  lakes  laid  dry,  we  should 
have  instances  of  freshwater  formations  ;  and  this 
prediction  has  been  verified.  See  an  interesting 
paper  on  the  recent  freshwater  limestone  in  For- 
farshire, by  Charles  Lyell,  Esq.  (Geological  Trans-* 
actions  1*826,)  of  which  I  shall  give  a  brief  nbticej 
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after  infieiting  what  I  had  Biased  respecting  the 
lakes  of  America. 

On  the  continent  of  America^  nature  acts  upon 
a  magnificent  scale.  Were  her  operations  attended 
to^  they  might  illustrate  many  interesting  facts  ia 
geology. 

The  lakes  of  North  America  are  seas  of  fresh- 
water more  than  fifteen  hundred  miles  in  circuit : 
these  are  pkiced  at  a  considerable  elevation  above 
the  Atlantic^  and  at  different  levels.  They  unite 
by  small  straights  or  rivers^  which  have  a  rapid  de- 
scent On  some  of  them  are  prodigious  waterfiilk^ 
which  are  constantly  enlarging  and  shortening  the 
passage  firom  one  to  the  other^  and  will  ultimately 
effect  the  drainage  of  the  upper  lakes.  The  fiedls 
of  Niagara  are  well  known.  The  water  is  divided 
by  a  small  island^  which  separates  the  river  into 
two  cataracts,  one  of  which  is  six  hundred  and  the 
other  three  hundred  and  fifty  yards  wide^  and  from 
one  hundred  and  forty  to  one  hundred  and  sixty 
fiset  in  depth.  It  is  estimated,  that  six  hundred 
and  seventy  thousand  tons  of  water  are  dashed 
every  minute  with  inconceivable  force  against 
the  bottom,  undermining  and  wearing  down  the 
adjacent  rocks.  Since  the  banks  of  the  cataract 
were  inhabited  by  Europeans,  they  have  observed 
that  it  is  pregressively  shortening  the  distance  firom 
lake  Erie  to  lake  Ontario.  When  it  has  worn 
down  the  intervening  calcareous  rocks  and  effected 
a  junctioD,  the  upper  lake  will  become  dry  land, 
and  form  an  extensive  plain,  surrounded  by  rising 
gCDund,  and  watered  by  a  river  or  smaller  lake, 
wbich  will  occupy  the  lowest  part.    In  this  plain 
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future  geoIogistB  may  trace  succeasire  itratsi  of. 
freshwater  formation^  covering  the  subjacent  cry* 
stailine  limestone.  The  gradual  deposition  of  mi- 
nute earthy  particles^  or  the  more  ri^id  subsideiice 
of  mud  froi^  sudden  inundations^  will  form  dif-* 
ferent  distinct  beds^  in  which  will  be  found  ren 
mains  of  freshwater  fish>  of  vegetables^  and  of 
quadrupeds.  Large  animals  are  frequently  borne 
along  by  the  rapidity  of  the  current^  and  precipi- 
tated down  the  catairacts ;.  their  broken  bones  mixt 
with  calcareous  sediment^  may  form  rocks  of  cal- 
cai^eous  tufa^  where  the  wateors  first  subside  after; 
their  descent. 

The  small  lake  described  by  Mr.  LyeU^  is  abouli 
nine  miles  w^^st  of  Forfar.  It  once  extended  ovep 
two^hundred  acres,  but  is  now  reduced  to  a  peat 
moss,  or  swampy  hollow  in  diluvium.  The  beid  of 
th^  lake  has  been  in  a  great  part  excavated  for 
marle^  it  contains  different  strata^  of  variable  thick- 
ness. The  upper  covering  is  peat^  one  or  two  feet 
thick,  under  which  is  shell  or  rock  marie,  varying 
from  one  to  sixteen  feet.  Quicksand  two  feet,  and 
lower  shell  marie  of  a  good  quality,  from  one  to 
two  feet  thick,  resting  on  a  bed  of  fine  sand,  of! 
variable  thickness.  The  rock  marie  consists  wholly 
of  carbonate  of  lime,  it  is  hard  and  compact,  anA 
in  some  parts  crystalline.  The  lower  shell  marie 
raFcly  contains  any .  distinguishable  quantity  ef 
shelly  nmtter.  In  the  rock  marie  are  found  shells 
of  Helices^  the  Turbo  fqntinaljs^  aad  the  Patella 
laciistris.' 

There  are  remains  of  land  quadrupeds  in  the 
aheU  marie,  but  not  in  the  tock  marie.    The  rode 
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marie,  (it  appears  flrom  Mr.  LyelPs  descriptioa, ) 
nearly  resembles  the  upper  freshwater  limestone  in 
the  Paris  basin^  and  like  it^  is  traversed  by  tubular 
cavities.  Some  part  of  the  rock  marie  is  however 
stated  to  be  a  tufaceous  limestone.  This  recent 
formation  of  freshwater  limestone^  is  in  so  many 
respects  analogous  to  the  most  recent  formation  of 
freshwater  strata  of  the  ancient  worlds  that  all  the 
particular  circumstances  described  by  Mr.  Lyell> 
deserve  the  careful  attention  of  the  geologist. 

Peat  is  a  substance  which  has  been  classed  with 
alluvial  soils^  though  it  is  obviously  a  vegetable 
production.  Peat  formerly  covered  extensive  tracts 
in  England^  but  is  disappearing  before  the  genius 
of  agricultural  improvement^  which  has  no  where 
produced  more  important  effects^  than  in  the  con- 
version of  the  black  and  barren  peat  moors  of  the 
northern  counties^  into  valuable  land  covered  with 
luxuriant  herbage,  and  depastured  by  numerous 
flocks.  The  following  description  of  the  peat  moors 
in  Scotland,  by  Mr.  Jameson,  is  ah  accurate  pic- 
ture of  the  remaining  peat  moors  in  the  mountain- 
ous parts  of  Yorkshire,  and  the  adjoining  coun- 
ties. 

^'  In  describing  the  general  appearance  of  a  peat 
moor,  we  may  conceive  mi  almost  entire  flat  of  se- 
veral miles  extent,  of  a  brown  colour,  here  and 
there  marked  with  tufts  of  heather,  which  have 
taken  root,  owing 'to  the  more  complete  decompo- 
sition of  the  surface  peat ;  no  tree  or  shrub  is  to  be 
seen ;  not  a  spot  of  grass  to  relieve  the  eye,  in 
wandering  over  this  dreary  scene.  A  nearer  exa- 
mination discovers  a  wet  spongy  surface,  passable 
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only  in  the  driest  seasons,  or  when  all  nature  is 
locked  in  frost.  The  surface  is  frequently  covered 
with  a  slimy  black-coloured  substance,  which  is  the 
peat  earth  so  mixt  with  water,  as  to  render  the  mesa 
only  passable  by  leaping  from  one  tuft  of  heather 
to  another.  Sometimes,  however,  the  surface  of 
peat  mosses  has  a  different  aspect,  owing  to  th6 
greater  abundance  of  heath  and  other  Tegetables'^ 
as  the  schoeai,  scirpi,  eriophora,  &c. ;  but  this  is 
principally  the  case  with  some  kinds  of  what  are 
called  muirlands,  which  contain  but  little  peat, 
being  nearly  composed  of  the  interwoven  roots  of 
living  vegetables.  Quick  moss  (as  it  is  called)  is  a 
substahce  of  a  more  or  less  brown  colour,  forms  a 
kneadable  compound,  and  when  good,  cuts  freely 
and  clean  with  the  spade  ;  but  when  it  resists  the 
spade  by  a  degree  of  elasticity,  it  is  found  to  be 
less  compact  when  dried,  and  is  of  an  inferior 
quality.  The  best  kinds  burn  with  a  clear  bright 
6aine,  leaving  light-coloured  ashes  ;  but  the  more 
indifferent  kinds  in  burning  often  emit  a  disagree- 
able smell,  and  leave  a  heavy  red-coloured  kind 
of  ashes.  In  dicing  the  peat,  we  observe  that 
when  first  taken  fimm  the  pit  it  almost  immediately 
cbangea'its  colonr,  which  becomes  more  or  less  a 
deep  browri  or  black,  and  the  peat  matter  becomes 
much  altered,  being  incapable  of  forming  a  knead- 
able  paste  witb  watei*.  When  dry  and  reduced  to 
powder,  as  it  is  often  by  the  action  of  the  weaUier, 
it  forms  a  blackisb'Coloured  powdery  matter,  ccpa* 
ble  of  supporting  vegetation,  when  calcareous  earth 
is  added. 

"  Peat  is  found  in  various  situations,  often  in 
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valleys  or  jdains,  where  it  forms  Very  extenitfve 
deepi  beds^  froni  three  to  forty  feet  deep^  as  tfaosd 
hi  Aberdeenshire :  it  also  occurs  upon  the  sidefe^  of 
mountains ;  but  even  there,  it  is  generally  in  a  bwi^ 
zontal  situation.  The  tops  of  mountains,  upwards 
of  two  thousand  feet  high,  in  the  Highlands  of 
Scotland,  are  covered  with  peat  of  an  exceHent 
kind. 

''It  is  also  found  in  situations  nearly  upon  a  level 
with  the  sea  :  thus,  the  great  moss  of  Cree  in  Gai* 
loway,  lies  close  upon  the  sea,  otk  a  bed  of  clay^ 
little  higher  than  the  flood  marks  at  spring  tides*/' : 

In  the  first  volume  of  Dr.  MacCuBoch's  valuaUtt 
History  of  the  Western  Iskinds  of  Scotland,  he  has 
given  a  luminous  description  of  the  formation  of 
peat,  which  completes  the  natural  history  of  peat 
moss.  Beside  the  Sphagnum  palustre,  he  has  enu* 
merated  nearly  forty  plants  which  concur  to  the 
generation  of  peat. 

''The  process  by  which  these  vegetables  are  con* 
verted  into  peat,  is  most  clearly  seen  in  the  sphag^ 
num.  As  the  lower  extremity  of  the  plant  dies, 
the  upper  sends  forth  fredi  roots  like  most  of  tke 
mosses;  the  individual  thus  becoming  in  a  manner 
immortal,  and  supplying  a  perpetual  fond  of  de* 
composing  vegetable  matter.  A  similar  process, 
though  less  distinct,  takes  place  in  many  of  the 
rushes  and  grasses,  the  ancient  roots  dying  together 
with  the  outer  leaves,  while  an  annual  renovation 
of  both,  perpetuates  the  existence  of  the  pfauitf 
The  growth  of  peat,  necessarily  keeps  pace  with 
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*  Jameson's  Mineralogy  of  the  Shetland  Islands. 
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thftt  of  the  vegetables  from  which  it  is, formed; 
hence  the  necessity  of  replacing  the  living  turf  oa 
the  bog  where  peat  has  been  cut^ — a  condition  now 
required  in  all  leases^  in  which  liberty  to  cut  turf 
is  included.  On  the  conversion  of  vegetable  matter 
into  peat.  Dr.  MacCulloch  observes :  *'  Where  the 
living  plant  is  still  in  contact  with  peat^  the  roots 
of  the  rushes^  and  ligneous  v^etables^  are  found 
vacillating  between  life  and  death,  in  a  spongy 
half«decomposed  mass.  Lower  down,  the  pulverized 
tarbooaceous  matter  is  seen  mixed  with  similar 
fibres,  still  resisting  decomposition.  These  gra- 
dually disappear,  and  at  length  a  finely  powdered 
substance  alone  is  found,  the  process  being  com- 
pleted by  the  total  destruction  of  all  the  organized 
bodies."  p.  1 30.  The  best  peat  is  that  of  which  the 
decomposition  is  most  complete,  and  the  specific 
gravity  and  compactness  the  greatest.  The  quality 
of  peat.  Dr.  MacCulloch  observes,  is  much  affected 
by  the  wetness  or  dryness  of  the  soil,  and  the  ele- 
vation or  other  causes,  which  influence  the  tempe- 
rature or  moisture  of  the  atmosphere. 

For  a  description  of  the  chemical  changes  pro- 
duced in  peat  by  water  aikd  fire»  I  must  refer  to 
the  1st  volume  of  Dr.  MacCidloch's  work  before 
quoted,  p.  131.  It  is  only  in  the  first  stages  of  de- 
composition that  peat  is  soluble^  and  communicates 
a  dark  colour  to  Moater. 

'  The  rapid  formation  of  peat  in  many  situsttionsj 
where  it  is  found  covering  ground  that  was  formerly 
pastured,  admits  of  an  easy  explanation,  since  Dr. 
MacCulloch  has  so  clearly  described  the  mode,  in 
which  this  substance  is  generated. 

Sg 


i50  HUMAN  lOOrEft  mWERVBII  IN  PEAT. 

The  property  posseMed  by  peat  of  prdjemiig 
Miiihal  matter  frDm  putrefkdtidfi,  is  well  desermig 
notice.  It  is  probttbfy  bmmg  to  thia,  diat  uome 
•of 'the  fleshy  ^Yta  of  Mie  tnastodoiv^  have  bem  A 
iMg  pi^eserv^  dn  p^eat  te^. 

In  3flie  PhiU^Mphioid  TransMtiem  1734,  thei«e 
is  a  letter  from  Dr.  Balguy,  gtvir^g  an  account  of 
•the  preservation  of  two  human  -bodtM  in  peat  for 
^y^iine  years.    ''  On  January  14,  167&,  a  ianiier 
^Md  his  laofd-servant  wet>e  crossing  4he  peat  moovs 
above  Hope,  near  Ga^leton  4n  DerbycMre ;  ttesy 
irere  overtaken  by  aigMM  M  otf  shOW,  and  bolh 
*^mhed  :  their  4)oaies  (were  ^t  ^fonnd  lill  the  3d 
-df  M<^  in 'the  same  year;  and  bemg  then  offm- 
^dve^  fOie  cbronu*  ordered  them  to  be^buried'on^ttie 
^t  Jm  ^he  pedi.    V\tey  %  iiindi^arbed  twenty- 
%igflit  y^Mi  ttffd  nine  4iMmths>  iwbea  ihe  onrioia^ 
«tf  some  douii^ii^^mea  hidueed  ttoem*to  i^pen  4li^r 
^l»v^.  'T4i^  bodies  appea;^d  quite  afresh)  tfee^skm 
^ll^)&ir>«ifd  ^  its  hsitural  :coloirr,  aitd^th«  fitsh  as 
iSolt  ^  HhfA  »df  persottTs  newfy  dead.    They  were 
afterwards  frequently  eKposted  as  curiosities,  mtlil 
in  the  yew  17 16, 4hey  were  boried  by  Mder  oT  the 
ihanfs 'd)»e9tijlaifts.    At  that «time.  Dr.  Bouimeof 
"Chwlerileld,  who  emntned  ihe  bodies,  says  ^tbe 
-nMsn  wn8i.perfQet,  bis  beard  was  strong,  the  hair  of 
Ms  'bead  was  short,  and  bis  skim  hard  ^nd  of  a 
tanned  leather  colour,  like  the  liquor  ^be  wdsi^ing 
in.    The  body  of  the  woman  was  mcrre  injured. 
Having  been  tnore  freqaently  eoqiosed;  the  ^bair  vms 
likte  4hat  of  a  diving  >pevson.    Mr.  W^nnald,  *te 
minister  of  IHope,  was'pMsrat  when  Uiey  weM  re- 
moved :  the  man's  J«jgs,wiiich  had  never  buforebeen 
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unoavenedtf  were  quite  fair  when  tbe  (Stocki«ig^  mite 
idrawn  oS^  and  the  joiots  pla^  freely  without  the 
imat  stiflbMS." 

la  Abe  begfuuing  4Kf  the  last  cmtiiry,  thie  {lerfeot 
body  4rf  a  laan  in  the  aDcient  Sa^^an  costume^  was 
discovered  in  peat,  at  Hatfield  Chase  in  Yorkshtre : 
it  soem  perished  on  exposure  to  Ahe  air. 

fistenaiTe  tracts  ^  cultivated  giiouad  are  some- 
thnee  converted  into  sandy  deserts^  by  the  drifting 
-of  sea-suid  inland.  The  prooess  by  which  this 
is  effected,  is  taking  place,  at  present,  jn  many  n- 
tuations.  During  very  high  winds,  the  sand  is 
idriven  from  the  sea  shore  to  a  certain  distance^ 
leaving  an  elevated  ridge  at  the  further  boundary 
of  the  drift.  Succeeding  winds  blow  the  sand 
forward,  and  at  the  same  time  bring  fresh  sand 
fiiom  the  shore  to  supply  its  place.  In  the  sixth 
volume  of  the  Tranmctimis  of  the  tmh  Academg, 
ah  account  is  given  of  the  encroachment  of  the 
sand,  over  some  parts  of  Ireland.  Trees,  bouses, 
and  even  villages,  hav^e  been  surrounded  or  covered 
with  sand,  dimng  the  last  4:entury.  In  the  vicinity 
of  sandy  deserts,  the  ;sand  is  also  encroaching  An 
the  habitaible  land.  The  Jioose  sands  of  Libya  are 
thus  spreading  over  the  valley  that  (borders  the 
Nile,  and  burying  the  monuments  of  ai!t,  and  the 
vestiges  of  former  cultivation.  From  a  similar 
«au8e^  the  country  immediately  round  Palmyra, 
that  once  supplied  a  crowded  population  with  fdod, 
now  scarcely  affords  a  few  withered  plants^  to  »the 
camel  of  the  wandering  Arab.  ^ 

A  sandy  inundation  on  the  north  coast  of  Gom- 
ymA  was  m0iitioned  Chapter  I.  page  S4r.  Tins  sand. 
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which  18  composed  of  fragments  of  shells  and  candy 
is  in  some  parts  cemented  into  sandstone  by  water 
infiltrating  from  the  slate-rocks :  it  is  similar  in  ap- 
pearance to  ttie  recent  sandstone  of  Guadaloupe,  in 
which  human  skeletons  have  been  found :  the  latter 
is  a  very  common  sandstone  in  the  West  Indies ;  it 
increases  rapidly^  and  the  land  gained  from  the  sea^ 
which  forms  some  of  the  plains  of  St.  Domingo,  is 
composed  of  it.  A  concreted  calcareous  sandstone 
extends  on  the  southern,  western,  and  north-west- 
ern coast  of  Australasia,  for  three  thousand  miles. 
Some  specimens  which  I  examined  with  a  lens, 
appear  perfectly  similar  to  the  recent  sandstone 
from  Guadaloupe. 

Among  the  causes  in  present  activity,  which  are 
changing  the  surfiice  of  the  globe,  the  labours  of 
madrepores  must  not  be  unnoticed.  These  minute 
polypi,  raise  up  walls  and  reefs  of  coral-rock  with 
astonishing  rapidity  in  tropical  climates,  and  encir- 
cle the  present  islands  with  belts  of  coral,  thus  en- 
laiging  their  coasts.  A  cord  reef  of  seven  hundred 
miles  in  length,  extends  from  the  *north-west  of 
Australasia  towards  New  Guinea.  For  a  detailed 
account  of  coral  rocks  and  reefs,  I  must  refer  the 
reader  to  the  Observations  of  Dr.  Forster,  and  the 
voyages  of  Captain  Flinders  and  of  Kotzebue. 
The  French  naturalists  MM.  Quoi  and  Gaimard 
have,  however,  recently  shown,  that  madrepores 
which  form  coral-rocks,  do  not  commence  their 
operations  at  greater  depths  than  twenty-five  or 
thirty  feet  below  the  surface  of  the  sea :  they  cod- 
struct  their  habitations  on  the  summits  of  sub-^ 
.marine  rocks,  and  increase  their  height,  but  do  not 
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form  them.  The  quantity  oi  calcareous  matter 
which  these  madrepores  furnish^  cannot  (they  say) 
be  compared  with  the  quantity  of  materials  which 
testaceous  animals  have  furnished^  and  still  continue 
to  furnish^  to  the  crust  of  the  globe. 

Organic  remains  in  dUuvial  beds  and  cavema. 
— ^The  fossil  elephant^  or  mammoth^  is  the  most 
remarkable  of  the  ancient  herbivorous  quadrupeds^ 
both  from  its  vast  size^  and  the  amazrog  number  of 
bones  of  this  genus,  which  are  found  in  the  northern 
parts  of  Europe,  and  in  America.  It  must  have 
existed  in  herds  of  hundreds  and  thousands.  Ac- 
cording to  Pallas,  there  is  scarcely  a  river,  from  the 
Don,  or  the  Tanais,  to  the  extremity  of  the  pro- 
montory Tchuskoinosa,  in  the  banks  of  which,  the 
bones  of  the  mammoth  are  not  abundant.  There 
are  two  large  islands  near  the  mouth  of  the  river 
Indigerska,  which  are  said  to  be  entirely  composed 
of  the  bones  of  the  mammoth,  intermixed  with  ice 
and  sand  :  the  tusks  are  so  perfect,  that  they  are 
dug  out  for  ivory.  With  the  bones  of  the  mam- 
moth, are  intermixed  those  of  the  elk,  the  rhino-* 
ceros,  and  other  large  quadrupeds. 

The  body  of  a  fossil  elephant  has  been  found 
entire,  with  the  flesh  preserved,  buried  in  ice :  it 
had  a  mane  along  its  back,  and  was  covered  with 
coarse  red  wool,  protected  by  hair  of  a  coarser  kind, 
indicating  that  it  was  an  inhabitant  of  cool  climates : 
ixideed,  the  circumstance  of  the  body  being  pre- 
served in  ice,  is  a  further  proof  of  this ;  for  had  it 
been  conveyed  from  distant  regions,  or  had  the 
temperature  of  northern  latitudes  been  much  higher 
at  that  period,  than  at  present,  the  flesh  must  have 
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been  speedily  4ecomipose^,  belbre  it  could  Imf^  been 
envelc^ed  in  ice.  The  height  of  this  animal  wai* 
from  fifteen  to  eighteen  feet.  Bones  and  teeth  of  the 
mamnioth  are  not  unfrequently  fouiid^  im  Engknd^ 
in  beds  of  diluvial  gravel  and  eh^,  aadia  eaterils^: 
they  are  chiefly  found  in  low  dituations^  such  as  fhe 
Vale  of  the  Thanves^and  the  Vale  of  the  Severn.  The 
inammoth  bears  a  near  resembbnee  to  the  Indmn 
elephant^  but  Cuvier  regards  it  as  a  distinct  species. 

The  rhirtoceros,  of  which  there  are  three  terge 
species^  and  one  smaller,  appears  to  have  lived  with 
the  fossil  elephant :  their  bones  are  foundf  together; 
but  it  is  in  Siberia,  that  the  bones  of  the  rbinocefos 
are  most  numerous,  and  best  preserved.  In  the 
year  1771,  the  entire  body  of  one  of  these  ani- 
mals, was  found  in  the  frozen  sands  of  that  country. 

Bones  and  teeth  of  the  hippopotamus  are  found 
both  in  England,  France,  Germany,  and  Italy: 
there  are  two  species ;  the  largest  resembles  the 
African  hippopotamus,  the  smaHer  is  the  ST2e  of 
the  wild  boar.  Bones  and  teeth  of  a  large  aaimttl, 
called  the  mastodon,  are  found  both  in  Europe  aifd 
America.  The  great  mastodori  had  pointed  grind- 
ers ;  it  was  a  native  of  NoHh  America,  and  equalled 
in  size  the  elephant,  which  in  many  particulars  it 
resembled.  Its  bones,  and  even  entire  skeletons, 
bare  been  found  in  salt-marshes :  but  what  is  mwe 
extraordinary,  parts  of  the  flesh  and  the  stomachy 
have  been  found  with  them.  Among  the  vegetable 
substances  in  the  stomach,  wei^e  distinguished  the 
remains  of  some  plants  known  in  Virginia.  The 
Indians  believe,  that  this  animal  is  still  living  north 
of  the  Missouri;  and  the  above  circumstances  render 
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it  proliftble,  that  tkw  species  of  mastodaa  has  nol 
been  long  extinct  Bones  of  other  species  of  the 
mastodon  are  found  in  Europe  and  South  Aittertca; 
these  are  probably  more  ancient.  Teeth  of  a  gigaa-* 
tic  species  of  tapir^  equal  in  size  to  the  rhinoceros^ 
have  been  found  in  France  and  Gerraanjr* :  the 
bones  of  horses  are  also  found  in  great  abundance^ 
with  the  bones  of  the  abo¥e-mentioned  aniiaals. 
Bones  aiad  horns  of  the  elk,  the  slag,  and  of  various 
species  of  deer,  and  of  oxen,  some  of  which  closely 
resemble  existing  species^  are  often  iatejrwixed  with 
the  bones  of  elephants  and  other  ancient  animals. 
With  these  animal  remains,  are  alsa  found  the 
bones  of  carnivorous  mimak  of  the  size  of  the  lion, 
the  tiger^  and  the  hyena ;  the  bones  of  bears  arQ 
numerous,  particularly  in  caverns. 

The  numbw  of  bones  hdanging  both  to  the 
order  of  paefaydermata,  and  of  ruminant  aiad  car-* 
nivorous  quadrupeds,  ia  m  great  in  varioiia  paf ts 
of  Surope,  as  to  leave  no  doubt  that  the  aniwiab 
were  inbabitents  of  northern  or  temperate  cliroales. 
In  America  have  been  found  the  bones  of  two  large 
animals,  of  extraordinary  form.  The  megatheriuiD 
is  the  size  of  the  rhinoceros;  it  unites  part  of  th<^ 
structure  of  the  armadillo,  with  that  of  the  sloth ;  iUi 
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*  The  most  perfect  tooth  q(  this  animail  which  is  at  present 
known,  was  found  near  Grenohle ;  the  enamel  is  as  fresh  as  th^t 
of  a  recent  tooth.  This  tooth,  of  which  there  are  models  in  the 
principal  museums  in  Europe,  is  in  the  author's  oolleetion  :  II 
was  purchased  by  hin,  at  the  sale  of  Ae  lale  M .  Paajas  St*  Food^ 
together  with  the  tooth  of  a  South  American  mi^t^on)  fpund  i% 
the  volcano  of  Imhahun^  in  the  Cordilleras^  and  the  tooth  of  a 
European  mastodon,  found  with  that  of  the  gigantic  tapir,  near 
Grenoble. 
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claws  are  of  vast  length  and  siase.  The  megaloQix 
was  nearly  similar  in  form,  but  smaller. 
.  Bones  of  the  camel,  and  some  other  species  of 
large  mammiferous  quadrupeds  have  been  occa- 
sionally found,  but  they  are  of  rare  occurrence. 
For  a  knowledge  of  nearly  all  the  above  species  of 
fossil  mammiferous  quadrupeds,  we  are  indebted  to 
the  researches  of  Cuvier.  Their  bones,  he  observes, 
^'  are  found  in  that  mass  of  earth,  sand  and  mud, 
that  diluvium,  which  covers  our  large  plains,  fiib 
our  caverns,  and  chokes  up  the  fissures  in  many  of 
our  rocks.  They  incontestibly  formed  the  popub^ 
tion  of  the  continents,  at  the  epoch  of  the  great  ca- 
tastrophe, which  has  destroyed  their  races,  and  has 
prepared  the  soil,  on  which  the  animals  of  the  pre- 
sent day  subsist.  Whatever  resemblance  certain 
of  these  species  bear  to  those  of  existing  species, 
the  general  mass  of  this  population  had  a  different 
character ;  the  greater  part  of  the  races  which  com- 
posed it,  have  been  utteriy  destroyed.  Among  all 
these  mammiferous  animals,  the  greater  number  of 
which  have  their  congeners  living  at  the  present 
day,  there  has  not  been  found  a  single  bone  or  tooth 
of  any  species  of  ape  or  monkey.  Nor  is  there 
any  trace  of  man :  all  the  human  bones  which  have 
been  found  along  with  those  of  which  we  have 
been  speaking,  have  occurred  accidentally;  and 
their  number  besides  is  exceedingly  small,  which 
assiuredly  would  not  have  been  the  case,  if  men  had 
been  then  settled  in  the  countries  which  these  ani- 
mals inhabited.''  When  Cuvier  published  the  first 
edition  of  his  Recherches  sur  les  OssemensfoBsUes, 
he  too  hastily  concluded,  that  we  were  already  ac^ 
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quaittted  with  all  the  existing;  .species  of  large  land 
quadrupeds;  and  hence  he  inferred^  that  it  was 
highly  improbable^  that  any  of  the  species  of  un- 
known quadrupeds^  whose  bones  are  found  in  dilu- 
vial Boils,  should  be  still  living.  Since  that  time^  a 
krge  species  of  living  tapir  has  been  found  in  the 
£ast  Indies ;  and  other  discoveries  of  new  quadru- 
peds, have  been  made :  hence  we  cannot  conclude 
with  absolute  certainty,  that  all  the  species  of  un- 
known fossil  quadrupeds  are  extinct,  though  it 
seems  highly  probable,  that  the  greater  number  of 
the  races  have  perished.  The  animals  whose  bones 
are  found  in  peat  bogs  and  marshes, — such  as  the 
elk  in  Ireland,  and  the  great  mastodon  in  Ken- 
tucky,— may,  I  conceive,  be  referred  with  much 
probability,  to  a  more  recent  epoch,  than  that  in 
which  the  diluvial  beds  were  deposited. 

Skeletons,  both  of  the  Irish  dik  and  the  great 
American  mastodon,  have  been  found  erect  in  peat 
bogs  and  marshes,  which  proves  that  the  surface 
of  the  ground  has.  undergone  little  change  since 
the  animals  perished;  and  the  further  circumstance, 
of  the  flesh  and  stomach  of  the  mastodon  being 
found  near  the  surface,  notprotected,  like  the  bodies 
of  the  elephant  and  rhinoceros  found  in  Siberia,  by 
ice,  seems  to  preclude  the  belief  in  the  high  anti- 
quity of  these  animal  remains ;  and  it  is  admitted 
by  Cuvier,  that  they  are  in  better  preservation  than 
any  other  fossil  bones.  The  quadrupeds  whose 
bones  are  buried  in  beds  of  clay,  sand  or  gravel,  or 
accumulated  in  caverns,  undoubtedly  lived  in  a 
very  remote  period,  and  under  a  different  condition 
of  our  planet  to  the  present  one.    The  northetn 
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parts  of  Eufope  seem  now  inca|Mibfe  of  sapp^ttkif 
the  immense  number  of  elephants,  which  have 
formerly  spread  over  aU  the  valleys  bordering  the 
Frozen  Ocean.  Were  we  to  suppose  that  the  tem- 
perature of  the  earth  was  then  higher  than  at  pre* 
sent,  which  the  remains  of  pahna  and  other  tropical 
plants  found  in  northern  latitudes  would  render 
probaUe,  this  would  not  remove  the  dsScidty ;  for 
the  fact,  that  entire  bodies  of  elephants  have  beeft 
preserved  in  ice,  and  that  their  skin»  were  covered 
with  a  thick  coat  of  wool  and  hair,  proves  that  these 
animals  were  constituted  for  living  in  eoM  cUmates^ 
and  that  their  remains  have  not  been  transported 
to  any  great  distance,  from  the  countries  which  they 
inhabited*. 

The  remains  of  these  large  quadrupeds  occur  in 
different  states  of  preservation.  In  the  frozen  re^ 
gions  of  the  North,  the  ivory  of  the  tusks  is  perfect. 
In  beds  of  day,  the  bones  and  teeth  are  frequently 
impregnated  with  mineral  matter;  but  in  gravel 
they  are  generally  in  a  loose  or  friable  state,  or  at 
least  they  soon  become  so  after  exposure  to  the  air. 
In  the  Phil.  Jomnat  of  Edinburgh,  January  1888, 
an  account  is  given  of  numerous  bones  of  the  mas-- 
todon,  rhinoceros,  and  other  animals,  having  been 
found  on  the  surface  of  the  ground,  near  Irrawady 
River,  in  Ava.  These  bones,  though  exposed  to  th^ 
atmosphere,  are  stated  to  be  extremely  hard,  being 


^  A.  friend  hms  saggested^  that  the  Siberian  dephaats  wera 
probably  migratory^  and  passed  the  winter  months  in, more  tem. 
perate  latitodes.  If  this  were  the  case,  tndividuals  that  from 
lameness  or  disease  were  unable  to  trarel,  maj  have  been  in. 
crrustec^with  ice  immediately  after  death. 
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imptegnm^  with  iifegc;  krt  of  the  causes  by  winck 
thi»  inflpfeigifalmfi  was^  efffeeted^  we  ace  at  preseDt 
igfvorsirt. 

The  bones  of  carnivorous  animab  are  moot 
abuMlani  in  eaveras :  Uiere  are  aome  circumstances 
which  render  their  ocGurrenee  in  such  siluttkioiM 
very  difficult  to  cxpbiii  in  a  satisfactory  manner. 

It  has^  been  long^  known  t^  naturalkts  and  tra- 
veHers,  that  there  are  numereJOfr  ea^ema  in  the  cal- 
careous laomitahfs  o(  Germany  and  Hungairy^  the 
fleiMs  of  whiefa  are  corered  with  cky^  eoYdopin^ 
a  pit)d}gfom  quantity  of  bones  amd  tefth  of  cariiw 
Torons  animals.  The  bone»  in  these  caverns  are 
nearfy  the  same,  over  an  extent  of  nfore  than  o«e 
hundred  leagues.  More  than  three  fourths  belongs 
to  species  of  bears  that  are  now  extinct  •;  two 
thirds  of  the  remaining  port  belong  to  an  un- 
known Species  of  hyena ;  a  smaHer  number  beloRg 
to  a  species  of  Hon  or  tiger,  or  of  the  wolf  or  dog  ; 
a  very  few  bek>ng  to  smaU  camiw>fOus  animals,  al* 
Ifed  to  the  fox  and  polecat.  The  bones  are  nearly 
in  the  same  state  in  all  these  caverns:  they  ace 
found  scattered  and  detached,  partly  broken,  bat 
never  rounded  by  attrition,  and  consequently  not 
brought  from  a  distance  by  water.  They  are  ra-* 
ther  lighter  and  more  fragile  than  recent  bohes^ 
but  stin  preserve  their  true  animal  matter,  contain^ 
ing  much  gelatine,  and  are  not  in  the  least  petrt* 
lied.    The  bones  are  all  enveloped  in  earth  which 


*  The  most  common  species  of  bear  in  these  caverns,  the  Ursus 
^pelaei^s^  was  the  size  of  a  horse.  The  fossil  hyena  was  one-- 
Uhird  larger  than  any  known  living  species. 
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is  penetrated  with  animal  matter;  except  a  few 
bones  on  the  sur&ce^  of  a  different  kind,  which 
bate  been  brought  there  at  a  later  period,  and  are 
leM  decomposed. 

The  most  remarkable  of  these  caverns  are  those 
of  Gaylenreuth  on  the  left  bank  of  the  river  Wie- 
sent^  in  Bavaria ;  they  vary  in  height  from  ten  to 
forty  feet^  and  are  connected  by  narrow  low  pas- 
sages. The  animal  earth  intermingled  with  bones, 
is  in  many  places  more  than  ten  feet  deep ;  and  ac- 
cording to  the  account  of  a  German  writer^  M.  Esper, 
would  fill  many  hundred  waggons.  There  is  also, 
a  cavern,  or  series  of  caverns,  at  Adelsberg  in  Car- 
Bolia,  much  larger  than  any  in  Germany :  the  caves 
are  of  variable  dimensions,  and  are  stated  to  extend 
more  than  three  leagues  in  a  right  line,  at  which 
distance  there  is  a  lake  which  prevents  further 
access.  The  floors  of  these  caverns  are  covered 
with  indurated  clay,  enveloping  the  bones  of  bears, 
and  other  carnivorous  animals,  similar  to  those  in 
the  caverns  of  Germany  and  Hungary.  In  one 
part  of  this  cavern,  or  series  of  caverns,  the  entire 
skeleton  of  a  young  bear  was  discovered,  enveloped 
in  clay  or  mud,  between  blocks  of  limestone  which 
lay  on  one  side  of  the  cave.  Adelsberg  is  situated 
on  the  great  road  irom  Trieste  to  Laybach,  and 
has  been  much  visited  by  travellers.  The  river 
Pinka  is  lost  in  this  cavern,  terminating  in  a  sub- 
terranean lake,  from  whence  another  river  emerges 
on  the  northern  side,  which  has  received  the  name 
of  Unz.  There  are  incrustations  of  stalactites 
in  these,  as  well  as  in  all  other  calcareous  caverns ; 
and  in  many  parts,  the  bones  and  earthy  matter 
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are  co?ered  by  stahctites.  Formerly^  these  bonei 
formed  an  important  article  of  commerce,  being 
wed  in  medicine,  and  sold  under  the  name  of  the 
fossil  unicorn.  Single  skeletons  of  large  quadra* 
peds  haye  formerly  been  discovered  in  caverns  in 
this  country ;  but  we  had  no  authentic  account  of 
the  bones  of  carnivorous  animals  having  been  found 
in  any  English  caves,  previously  to  the  year  1881 ; 
when  some  labourers  working  in  a  quarry  at  Kirk- 
dale  near  Kirby  Moorside,  in  Yorkshire,  discovered 
an  evening  coTered  over  with  rubbish  and  earth, 
about  100  feet  above  the  neighbouring  brook. 
This  was  the  mouth  of  a  low  cavern,  extending 
about  900  feet  into  the  rock.  The  floor  of  the 
cavern  was  covered  with  broken  bones  and  teetb 
of  various  animals,  encased  in  a  stratum  of  mud 
about  a  foot  thick.  Fortunately,  this  cavern  was 
examined  by  Professor  Buckland  of  Oxford,  soon 
after  its  discovery ;  who  has  published  a  very  lumi- 
nous account  of  its  structure  and  contents,  eluci*^ 
dated  by  references  to  the  most  remarkable  caverns 
in  other  countries  which  he  has  visited,  containing 
bones  of  carnivorous  animals.  The  bones  in  the 
Kirkdale  Cave  are  broken  and  gnawed,  and  some 
of  them  preserve  the  marks  of  the  teeth  which  have 
fractured  them.  Even  the  excrements  of  animals 
similar  to  those  of  the  hyena,  have  been  discovered 
with  them.  The  bones  in  this  cave  differ  much 
from  those  in  the  caves  of  Germany ;  as  a.  great 
number  of  them  belong  to  herbivorous  aniomb, 
and  the  carnivorous  animals  whose  remains  are 
most  abundant,  are  hyenas.   Among  these  remains. 
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If  the  same  process  of  excavBiion  by  striitermfaetl 
water  take  phce  slowly^  the  subsidence  may  be  so 
gradual^  as  scarcely  to  be  perceived  in  tiie  lapse  eif 
coituries.  I  am  acquainted  with  an  instance  of  the 
g^dual  subsidence  of  a  hill  of  oolite  in  Lincolnsbhre 
within  the  memory  of  man^  supported  by  undoiibt^ 
ed  testimony.  There  is  also  a  fact  respecting  the 
calcareous  mountains  near  Ingleton  and  Settle  in 
Yorkshire^  illustrative  of  the  manner  in  which 
bones  may  be  introduced  into  caverns;  but  attH 
more  so,  of  the  manner  in  which  the  fissures  of  cal* 
careous  rocks,  bordering  the  Mediterranean  Sea^ 
have  been  filled  with  bones  of  herbivorous  anlmahi* 
The  mountain  or  transition  limestone  of  Cravefi 
in  Yorkshire,  forms  in  many  parts,  a  nearly  fial 
elevated  sur&ce  of  table  land,  covered  with  vegetai* 
tion,  but  intersected  by  numerous  Assures  or  chasma 
of  vast  length  and  depth,  varying  from  a  few  inches 
to  a  foot  or  more  in  width.  Many  of  these  fissures 
widen  as  they  descend ;  and  at  the  bottom,  streams 
of  water  may  be  firequently  heard  running.  During 
aiiow,  it  is  not  uncommon  for  sheep  to  be  lost  in 
these  chasms,  and  the  whole  surfiice  is  extremely 
dangerous  to  traverse  in  the  dark.  Limestone 
plains,  intersected  by  such  fissures,  may  be  re- 
garded as  natural  traps  for  herbivorous  animals, 
into  which  thiey  may  fall  in  whole  droves,  when 
chased  by  beasts  of  prey.  Their  bones  may  either 
•tick  fast  in  the  fissures,  and  be  afterwards  inclosed 
in  calcareous  stalactites,  or  they  may  be  carried  by 
siibterranean  currents  into  caverns,  which  have  no, 
communication  with  the  surface.  Such  was  the 
cavern  at  the  Bull's  Eye  mine,  near  Worksworth  in 


INTERMIXTURE  OF  FOMIL  BONES.      465 

Derbyshire^  which  was  opened  by  mining  opera* 
tion^  in  the  year  1663^  and  contained  the  entire 
skeleton  of  an  elephant. 

The  bones  of  existing  species  of  animals  in  peat^ 
or  in  alluvial  soil^  may  occasionally  be  found  inter- 
mixed with  fossils  from  ancient  strata ;  for  when 
the  rocks  which  contain  the  organic  remains  of  a 
former  worlds  are  exposed  to  the  disintegrating 
effects  of  atmospheric  action,  the  fossils  being  ge- 
nerally harder  than  the  stone  in  which  they  are 
imbedded,  fieill  out,  and  may  be  carried  down  by 
casual  inundations  and  mixed  with  recent  alluvisJ 
deposits.  It  may  also  happen  that  recent  bones 
have  been  tran^rted  by  the  same  cause,  and  in- 
termixed with  ancient  diluvial  deposits :  such  inter- 
mixtures are  not  of  frequent  occurrence,  but  they 
should  be  most  carefully  noticed  by  the  geologist, 
or  they  may  be  the  source  of  very  erroneous  in- 
ductions. 

Baron  Cuvier  maintains  that  the  anoplotherium, 
and  paleotiierium,  found  in  the  gypsum  strata  near 
Paris,  belong  to  a  more  ancient  creation  than  the 
fossil  dephant  and  mastodon.  Many  facts  might 
be  cited  (did  the  limits  of  the  present  volume 
permit),  which  oppose  the  opinion  of  this  distin- 
guished naturalist.  The  remains  of  elephants  found 
in  beds  analogous  to  the  l4ondon  clay, ;  and  of  the 
mastodon  and  beaver  found  under  beds  of  sand- 
stone and  limestone  at  Alpnach,  must  surely  be  as 
ancient,  as  the  quadrupedal  remains  in  the  Parts 
basin. 
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CHAPTER  XIX. 

GEOLOGICAL  THEORIES.— THE  FORMATION  OF 
VALLIES.— DELUGES,  AND  DENUDATIONS. 

There  are  few  subjects  on  which  the  opioionf 
of  geologiste  have  been  more  divided,  thai!  the 
formation  of  vallies*  The  principal  theories  tlmt 
have  been  advanced,  ascribe  their  formation  to  one 
or  other  of  the  foHowinj^  causes. 

Ist^  To  the  original  inequalities  of  the  earth's 

surface. 
Sd^  To  excavation  by  rivers  that  flow  through 
them. 
'    3d,  To  the  elevation  or  subsidence  of  part  of  the 
earth's  surface. 
4th^  To  excavations  caused  by  the  sudden  retreat 

of  the  sea  from  our  present  cc»tinents« 

6th^  To  excavations  ^by  inundationa  or  deluges, 

that  have  suddenly  swept  over  the  aur&ce 

of  different  parts  of  the  globe. 

I  shall  briefly  notice  the  leading  &cta  that  &vottf 

or  oppose  each  of  these  theories. — ^The  phenomoia 

presented  by  different  vallies^  are  frequently  variow 

and  complicated^  and  indicate,  that  seiwral  causes 

have  cooperated  in  their  excavation,  or  in  moulding 

them  into  their  present  form.    The  disappearance 

of  large  portions  of  strata^  from  districts  which  they 

have  once  evidently  covered,  is  also  a  phenomenon 

of  frequent  occurrence ;  and  its  explanation  roust 
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be  sought^  from  some  of  the  same  causes^  that  have 
excavated  vallies. 

The  first  of  the  above  theories  is  thai  of  Werner : 
he  supposed  that  all  the  matter  of  which  primary^ 
transition^  and  secondary  rocks  are  formed^  was 
originally  held  in  solution  by  water,  and  that  the 
vratar^  m  saturated  with  mineral  matter,  covered 
the  whole  globe.  The  primary  rocks  of  granite 
were  formed  by  chemical  precipitation,  and  their 
peaked  summits  and  declivities  were  the  result  of 
their  original  deposition.  On  the  steep  sides  of 
these  primary  mountains  were  subsequently  depo- 
sited the  different  schistose  rocKs,  and  all  the  se- 
condary strata.  During  the  time  that  these  rocks 
were  depositing,  the  water,  though  nearly  saturated 
with  mineral  matter,  was  capable  of  supporting 
animal  life,  and  the  shells  and  remains  of  zoophytes 
^nd  fish,  were  enveloped  in  the  strata  at  the  period 
of  their  deposition.  According  to  this  theory, 
when  the  vrater  retired  from  the  present  continents, 
the  mountains  aiid  vallies  were  already  formed. 

The  theory  of  Werner  requires  for  its  support 
the  admission  of  conditions,  which  appear  in  the 
present  state  of  our  experience  impossible,  and  it 
is  at  variance  with  existing  phenomena.  The  ver-^ 
tieal  position  of  beds  of  pudding-stone,  sandstone, 
and  the  tertiary  strata  in  the  Alps,  could  not  have 
been  their  original  one;  nor  can  the  bendings  and 
contortions  of  the  strata^  so  common  in  Alpine 
eottutries,  be  explained  by  original  deposition.  A 
further  account  of  part  of  Werner's  theory  is  given. 
Chap. IX.  pages  17. 

The  second  theory.  That  all  vallies  have  been 

S  H  2 
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excavated  by  the  rivers  that  flow  through  themy 
was  maintained  by  Dr.  Hutton  and  Professor  Play- 
fair  :  it  formed  a  part  of  their  general  theory  of 
the  earth ;  the  leading  propositions  of  vrhich  are, 
th^t  the  surface  of  the  present  continents  are 
wearing  down  by  the  action  of  the  atmosphere 
and  by  torrents,  and  that  the  materials  are  carried 
by  rivers  into  the  sea^  and  there  deposited.  At  a 
future  period  these  materials  will  be  melted  or 
consolidated  by  subterranean  heat  under  the  pres- 
sure of  the  ocean,  and  subsequently^  by  the  .expan- 
sive force  of  central  fire^  the  bed  of  the  ocean  will 
be  elevated,  and  form  new  continents.  According 
to  this  theory,  our  present  continents  have  been 
also  formed  from  the  ruinsof  a  preceding  world,  and 
elevated  by  a  similar  cause.  It  is  only  with  that 
part  of  the  Huttonian  system  which  relates  to  the 
excavation  of  valleys,  that  we  have  at  present  any 
concern.  It  is  remarkable,  that  a  theory  which 
maintains  that  the  continents  were  raised  from  the 
ocean  by  subterranean  fire,  should  limit  the  forma- 
tion of  vallies  to  the  action  of  the  rivers  that  run 
through  them ;  for  if  the  land  were  raised  by  an  ex- 
pansive power  acting  from  beneath,  it  seems  to 
follow  as  a.  necessary  corollary,  that  the  surface 
would  be  unequally  elevated,  and  broken  into  in- 
equalities by  the  same  cause ;  unless  we  suppose, 
that  every  part  presented  an  equal  degree  of  resist- 
ance to  the  moving  force.  There  must,  therefore, 
have  been  original  inequalities  or  vallies,  which  de- 
termined the  direction  of  the  water-courses  in  the 
first  instance,  though  the  form  of  these  vallies 
may  have  been  subsequently  modified,  by  the  action 
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of  water.  That  all  valHes  have  been  excavated  by 
the  rivers  that  flow  through  them^  is  opposed  by 
hiany  decisive  facts.  Before  their  excavation^  the 
water  roust  have  had  less  force  than  at  present^  as 
the  fall  would  be  gentle ;  and  the  present  efl*ect  of 
rivers  in  large  vallies  is  not  to  excavate  them 
deeper^  but  to  fill  them  with  alluvial  depositions. 
There  are  numerous  deep  valleys  in  the  Alps^  that 
are  closed  at  one  end  by  steep  mountains  or  per- 
pendicular walls  of  rock^  and  which  were  originally 
closed^  and  are  now  nearly  closed^  at  the  other  end 
also.  Such  are  the  valley  of  Thones  near  Annecy^ 
the  valley  of  Chamouni^  and^  on  a  larger  scale^  the 
valley  of  Geneva.  It  is  evident  that  the  valley  of 
Thones^  and  that  of  Geneva^  have  once  been  filled 
with  water^  and  formed  lakes :  by  an  earthquake^ 
or  by  the  erosion  of  water^  a  fissure  has  been  made^ 
which  has  drained  the  greater  part  of  these  valleys; 
but  it  is  obvious  that  the  valleys  could  not  have 
been  formed  by  the  original  lakes^  or  by  the  riven 
that  flowed  into  them.  If  vallies  were  formed  by 
the  erosion  of  rivers^  the  lakes  through  which  these 
rivers flow^  must  have  long  since  been  filled  up  by  the 
materials  brought  into  them.  To  say  that  the  lakes 
were  once  deeper  than  at  present^  is  giving  up  the 
theory;  for  lakes  are  only  the  deeper  parts  of  vallies. 
Had  the  valley  of  Borrowdale  in  Cumberland 
been  excavated  by  the  water  that  flows  from  it^  the 
lake  of  Keswick^  at  its  entrance^  must  have  received 
all  the  materials^  and  been  long  since  choked  up. 
Or  had  the  valley  of  the  Rhone^  ten  thousand  feet 
deep  and  sixty  miles  in  lengthy  been  excavated  by 
the  Rhone^  the  quantity  of  matter  brought  down 
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by  this  river,  would  not  only  have  filled  the  lak^  of 
Geneva  into  which  it  empties  itself,  but  the  broad 
valley  in  which  the  lake  lies,  must  also  have  been 
filled  up,  and  raised  to  the  height  of  the  Jura. 
That  the  lake  of  Geneva,  and  all  lakes  into  which 
large  rivers  flow,  are  gradually  filling  up,  has  been 
before  stated ;  but  the  valley  of  the  Rhone  is  not, 
nor  are  other  valleys,  becoming  deeper.  The  upper 
part  of  this  valley  has  evidently  been  itself  a  lake, 
closed  in,  or  nearly  so,  by  the  rocks  at  Martigny. 

The  action  of  torrents  in  Alpine  districts,  may 
have  been  sufficient  to  widen  fissures  already  made, 
or  to  scoop  out  glens  in  the  softer  beds  on  the  sides 
of  mountains ;  but  they  appear  inadequate  to  the 
original  formation  of  large  longitudinal  vallies. 
Water*courses  running  on  the  edges  of  nearly  ver- 
tical beds,  may  scoop  out  a  portion  of  a  softer  bed, 
placed  between  two  hard  rocks,  and  thus  form  small 
longitudinal  vallies.  I  have  observed  several  in- 
stances of  such  vallies  in  the  Alps,  which  may  pro- 
bably have  been  furrowed  by  mountain  torrents  in 
the  course  of  ages.  Some  vaUies,  as  Les  Echelles, 
near  Chambery,  are  closed  at  one  end  by  a  per- 
pendicular wall  of  rock :  through  this  rock  a  tunnel 
is  made  for  the  road ;  but  it  is  impossible  to  con- 
ceive, that  any  action  of  water-courses  could  have 
formed  such  a  valley.  There  is  only  a  feeble  stream 
that  flows  firom  it*.  Malm  Cove,  at  the  head  of  the 
valley  of  the  Aire,  in  Yorkshire,  is  a  peq)endicular 
wall  of  limestone  200  feet  high  :  at  its  feet  the  river 

*  For  a  particular  account  of  the  structure  of  this  valley,  see 
Travels  in  the  Tarantaise,  vol.  i.  page  169. 
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rises ;  but  no  conceivable  action  of  the  river  could 
have  originally  formed  this  valley.  Whatever 
extension  v^e  may  reasonably  grant  to  the  action 
of  rivers^  it  v^ill  not  be  found  sufficient  for  the  ex* 
cavation  of  vallies^  except  in  particular  situations. 

The  third  theory^  v^hich  attributes  the  formation 
of  vallies  to  the  elevation  of  mountain  ranges^  ap-< 
pears  to  assign  a  cause^  that  v^ill  explain^  in  a  sim-i 
pie  manner^  the  formation  of  many  vallies;  but  on 
examination^  it  will  be  found  inadequate  to  explain 
the  phenomena  of  other  vallies^  without  the  concur** 
rence  of  diluvial  action. 

If  the  crust  of  the  globe  were  broken^  and  raised 
in  parallel  ridges^  they  might  form  mountain  ranges^ 
with  vallies  between  them^  like  what  are  observed 
bordering  the  central  range  of  the  Alps ;  the  arched 
stratification  of  many  of  the  calcareous  moun- 
tains^ and  the  vertical  position  of  the  beds^  favour 
this  hypothesis. 

In  some  instances^  where  the  beds  of  a  mountain 
are  raised  from  an  horizontal^  to  a  nearly '  vertical 
position^  they  would  leave  a  chasm  proportionate 
to  the  part  that  had  been  raised ;  and  this  might 
form  the  bed  of  a  lake.  The  steep  escarpments 
which  the  calcareous  mountains  in  Switzerland  and 
Savoy  present  to  the  lakes  which  they  border,  in-^ 
dicate  that  the  beds  of  the  lakes  were  formed  in 
the  hollows  that  had  been  left  by  the  elevation 
of  the  mountains.  The  beds  of  the  mountains 
on  the  opposite  side,  generally  slope  down  to  the 
lakes':  hence  M.  De  Luc  inferred,  that  it  was  these 
mountains  that  had  sunk  down^  and  left  the  chasm 
which  forms  the  bed  of  the  lake.     Either  of  these 
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theories  will  explain  the  formation  of  deep  lBke9  in 
mountainous  countries^  in  a  more  satisfactory  man-y 
net,  than  that  which  attributes  the  deepening  of 
their  beds  to  the  erosion  of  water. 

Nor  is  the  elevation  of  parts  of  the  earth's  surfieu^e 
by  a  power  acting  from  beneath^  unsupported  by 
undoubted  &cts.  We  have  instances  in  our  own 
island  of  the  strata  being  broken^  and  raised  five 
or  six  hundred  feet  (See  pages  1 53  and  1 95.)  And 
so  recently  as  the  year  1882^  the  bed  of  the  ocean, 
over  an  extent  of  one  hundred  miles^  was  perma- 
nently raised  up^  and  became  dry  land.  (See  page 
104.)  These  facts  may  make  us  more  ready  to 
acknowledge  the  operation  of  a  similar  elevating 
power^  having  acted  with  greater  intensity^  and 
more  extensively,  in  former  ages. 

Transversal  vallies,  or  those  which  cut  through 
mountain  ranges^  nearly  at  right  angles  to  the  di<» 
rection  of  the  ranges  they  intersect,  ,may  have  been 
originally  fissures  or  openings,  made  either  at  the 
period  when  the  ranges  were  elevated,  or  subse* 
quently^  by  the  same  causes  that  have  rent  and  dis« 
placed  the  secondary  strata.  These  fissures  may 
have  been  afterwards  widened  by  diluvial  agency. 

Geologists  seem  now  generally  agreed^  that  the 
action  of  rivers  is  not  sufficient  to  explain  all  the 
phenomena  of  vallies^  and  still  less  to  account  for 
the  fragments  of  rocks  scattered  over  extensive 
plains,  at  an  immense  distance  from  Alpine  dis- 
tricts^ where  rocks  similar  to  these  fragments  oc* 
cur.  Another  phenomenon  of  more  importance,  is 
altogether  inexplicable^  by  the  action  6f  rivers. 
Immense  tracts  of  the  secondary  strata^  several 
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hundred  feet  in  depths  have^  in  some  districts^  been 
torn  off^  and  the  materials  entirely  removed^  except 
detached  patches^  which  here  and  there  form  isor 
lated  caps  on  distant  hills ;  and  inconteslably  prove^ 
that  they  were  once  parts  of  one  continuous  stra? 
turn  or  formation.  Numerous  instances  of  this 
mig^ht  be  cited  in  our  own  island.  This  local  dis- 
appearance of  a  stratum  or  formation^  has  properly 
been  called  Denudation.  The  theory  advanced 
by  Mr.  Farey^  to  explain  these  denudations^  wasj 
that  the  surfkce  had  been  broken  and  swept  away 
by  the  near  approach  of  a  comet.  But  the  most 
rational  explanation  that  can  be  offered^  is  that 
which  ascribes  the  effect  to  a  mig^hty  deluge^  sweep* 
ing^  over  the  surface  of  the  globe^  tearing  off  part 
of  its  crusty  and  transporting  the  fragments  into 
distant  regions^  or  into  the  ocean.  The  case  is 
one  which  may  be  truly  said  to  be  dignu8  vindice 
nodus,  and  the  geologist  is  compelled  to  call  in  the 
aid  of  Neptune ;  for  none  of  the  causes  in  present 
activity,  (however  we  may  imagine  them  to  be  in- 
creased in  power  or  magnitude,)  will  befoiind  ade- 
quate to  produce  the  denudation  of  an  extensive 
stratum,  and  the  disappearance  of  the  stony  mate- 
rials, of  which  it  was  composed. 

It  now  remains  to  notice  the  theories  which 
provide  for  diluvial  agency. 

The  fourth  theory,  which  attributes  the  forma- 
tion of  vallies  to  the  sudden  retreat  of  the  sea  from 
our  present  continents,  is  founded  on  the  admitted 
fact,  that  the  sea  has  once  covered  them ;  and  whe- 
ther ,we  suppose  that  the  bed  of  the  ocean  wan 
deepened  in  one  part  by  a  sudden  subsidence^  which 
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drew  off  the  water  from  another  part ;  or  that  the 
continents  emerged^  by  an  expansive  force  acting 
beneath  them^ — ^the  effect  on  the  water  would  be 
nearly  the  same.    This  effect^  in  scooping  out  val- 
leys^ has  been  compared  to  what  may  be  observed 
in  miniature  "  by  the  drainage  of  the  retiring  tides 
on  muddy  shores,  especially  in  confined  estuaries^ 
where  the  fall  is  considerable  and  rapid/'  the  water 
cutting  out  channels  for  its  passage  as  it  drains  off. 
The  fifth  theory^  which  ascribes  the  formation  of 
valleys^  and  extensive  denudations  of  the  strata,  to 
deluges  that  have  suddenly  swept  over  different 
parts  of  the  globe,  has  been  maintained  by  Profes- 
sor Pallas  and  Sir  James  Hall.     The  former  con- 
jectured, that  the  inundations  that  have  covered 
parts  of  the  Asiatic  continent  with  blocks  of  stone, 
beds  of  gravel,  and  marine  remains^  were  occasion- 
ed by  the  formation  of  volcanic  islands  in  the  In- 
dian Ocean .  Within  the  period  of  authentic  history^ 
extensive  inundations   have  been   occasioned  by 
volcanoes  and  earthquakes,  which  afford  probabi- 
lity to  the  opinion  of  Pallas.     In  the  year  1650,  a 
new  volcanic  island  rose  from  the  sea  in  the  Gre- 
cian Archipelago  ;  and  according  to  the  account  of 
Kircher,  a  cotemporary  writer,  it  occasioned  the 
sea  to  rise  forty-five  feet  in  height,  at  the  distance 
of  eighty  miles,  and  destroyed  the  galleys  of  the 
Grand  Signior  in  the  port  of  Candia.     The  princi- 
pal damage  done  by  earthquakes  to  cities  adjoining 
the  sea,  is  often  effected  by  an  enormous  wave  ; 
the  sea,  retiring  from  its  bed  in  the  first  instance, 
suddenly  returns  with  a  prodigious  swell,  and  in  a 
few  moments,  rushes  over  the  adjacent  country. 
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Sir  James  Hall  has  given  greater  extension  and 
consistency  to  this  speculation.  He  supposes^  that 
the  upheaving  of  a  large  island  like  Sumatra,  might 
take  place  so  suddenly,  as  to  drive  the  ocean  with 
great  impetuosity  over  the  summits  of  the  highest 
mountains^  and  strip  off  the  glaciers,  and  transport 
them  into  distant  countries.  Ice  being  specifically 
lighter  than  water,  the  glaciers  would  carry  away 
the  blocks  of  stone  that  had  faUen.upon  them  from 
the  impending  rocks,  and  had  become  incased  in 
ice.  This  theory  of  Sir  James  Hall's,  would,  I 
conceive,  offer  a  belter  explanation  than  any  other, 
for  the  occurrence  of  groups  of  fragments  of  parti* 
cular  rocks,  unmixed  with  fragments  of  other  rocks. 
£ach  glacier,  loaded  with  stones  from  the  rocks 
above  it,  may  be  regarded  as  a  ship  freighted  with 
specimens  of  its  native  mountains,  which  it  deposits, 
by  thawing,  in  the  place  where  it  ultimately  rests. 
Nor  would  a  wave  or  swell  of  the  sea,  that  had 
covered  the  highest  mountains,  suddenly  subside ; 
it  would  sweep  repeatedly  over  the  whole  surfsuce 
of  the  globe,  at  a  lower  and  lower  level  each  time ; 
breaking  down  opposing  obstacles,  opening  new 
passages  for  the  water,  and  scooping  out  vallies 
and  cob  in  the  softer  beds  and  strata.^     On  the 


*  Those  depressioDS  in  a  range  of  moimtains,  which  offer  the 
easiest  access  in  crossing  from  one  yalley  to  another,  are  in  the 
Alps  called  Coh,  I  observed  that  these  cols  were  all  in  the 
softest  beds ;  and  their  formation  admits  of  an  easy  explanation 
by  dilnvial  action.  See  Plate  %  fig.  2.  ^^  A  range  of  mountains 
with  their  beds  highly  elefated,  is  extended  from  a  to  dd.  At 
c  c  the  beds  are  of  very  soft  slate  or  shale,  which  has  been  ex- 
cavated so  as  to  offer  a  passage  over  the  range,  though  the 
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whole^  the  theory  of  Sir  James  Hall  affords  perhaps 
the  most  satisfactory  explanation  of  diluvian  agency 
that  has  yet  been  advanced.  But  whatever  diffi«- 
cuhies  may  oppose  the  admission  of  this  or  any 
other  theory^  the  fact  that  the  present  continents 
have  been  subjected  to  the  action  of  a  deluge^  or  a 
mighty  rush  of  waters^  which  has  swept  over  the 
highest  mountains^  seems  confirmed  by  so  many 
coincident  phenomena^  as  scarcely  to  leave  room 
for  doubt. 

Granting  the  agency  of  a  deluge^  or  a  succession 
of  deluges^  there  are  stiU  phenomena  left^  that  their 
action  will  not  satisfactorily  explain.  In  the  mid* 
land  counties  of  England^  for  instance^  there  are 
beds  of  gravely  and  fragments  of  rock^  scattered 
over  hills^  that  are  not  only  far  distant  from  the 
rocks  which  have  supplied  the  fragments^  but  which 
are  separated  from  them  by  deep  vallies^  over  which 
it  is  supposed  that  the  fragments  could  not  have 
been  carried^  by  any  power  of  diluvian  agency ;  for 
in  England,  we  have  not  the  glaciers  to  assist  in 
their  transportation.  It  has  been  imagined,  that 
these  fragments  and  beds  of  gravel  were  deposited 
in  their  present  positions,  before  the  intervening 
vallies  were  scooped  out.     But  any  subsequent  de* 


highest  part  is  several  thousand  feet  above  the  valley.  Soch  is 
the  Col  de  Balm  above  Chamoani.  The  beds  probably  ex- 
tended, at  the  period  of  their  elevaUon,  iq  the  directioQ  of  the 
dotted  lines.  These  cols  could  not  be  formed  by  rivers,  as  very 
littie  water  flows  from  them.  The  valley  of  Derweot  ^see  Plate  4« 
fig.  1.  between  the  hills  3  and  6,)  was  evidently  formed  by  the 
erosion  of  water,  and  not  by  tlie  elevation  of  its  sides ;  as  the 
beds  on  each  side  are  the  same. 
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luge^  sufficiently  powecful  to  acooip  out  vaUies,  roust 
also  have  swept  away  the  loose  stones  on  the  sur« 
&ce.  We  must  therefore  admit,  either  that  the 
water  of  the  deluge  covered  the  earth  for  some 
time^  during  which  period  the  stones  and  gravel 
were  deposited^  and^  on  retiring  rapidly^  excavated 
the  scrfler  strata  into  vallies;  or  that  a  great  change 
has  since  taken. place  in  the  level  of  particular 
situations^  by  elevation  or  subsidence. 

Many  facts  appear  to  prove^  that  both  local  and 
general  changes  have  formerly  been  effected  in 
the  relative  level  of  the  land^  and  the  bed  of  the 
ocean.  The  alternations  of  marine  and  fresh- 
water .  formations  below  the  chalk  strata^  offer  li 
proof  of  this ;  and  the  occurrence  of  freshwater 
shells^  and  the  remains  of  tree-ferns  and  marsh- 
plants^  in  the  coal  strata^  prove  the  vicinity  of  dry 
land^  and  that  these  strata  were  not  deposited  un« 
der  a  deep  sea^  as  appears  evidently  to  have  been 
the  case  with  the  chalk  strata^  and  also  with  the 
magnesian  limestone^  that  immediately  covers '  the 
coal  strata.  But  not  to  go  so  fiir  back  in '  our 
researches,  we  have  a  present  proof  on  the  shores 
of  England,  of  the  change  which  the  level  land 
has  undergone.'  A  submarine  forest,  extending  far 
into  the  sea,  may  be  traced  at  low  water  on  many 
of  our  coasts^  and  particularly  on  those  of  York- 
shire and  Lincolnshire.  The  trees  are  broken*  off 
near  the  roots,  but  their  stumps  are  erects  and  indi- 
cate that  they  are  in  the  position  in  which  they 
have  formerly  grown.  This  fact  alone  may  serVe 
to  show^  that  the  relative  level  of  the  dry  land  and 
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the  ocean  has  not  always  been  the  ft&me  that  it  is 
at  present,  and  may  induce  us  to  admits  with  less  re-» 
IttCtance^  the  successtre  subsidetices  and  eniersioBs 
of  the  ancient  contmentSj  which  the  aketnation  of 
marine  with  freshwater  strata,  directly  indicate. 

It  will  not  be  foreign  to  the  present  subject  to 
state,  that,  from  recent  accounts  of  travellers  who 
have  visited  Thibet^  it  appears  that  bon^  of  horses 
and  deer  are  brought  down  by  avalanches  firom  the 
Himmaleh  mountains,  at  the  hei^t  of  sixteen  thou- 
sand feet,  and  above  the  region  of  eternal  snow. 
Now  if  this  fact  be  well  established,  it  would  indi- 
cate, either  that  these  bones  had  been  deposited 
there  by  a  deluge,  or  that  the  mountains  had  been 
raised,  since  the  Asiatic  continent  was  peopled  by 
land  quadrupeds  analogous  to,  if  not  identical  with, 
existing  species:  for  it  canndt  be  supposed,  that 
horses  and  deer  could  have  subsisted  near  the  sum- 
mits of  these  mountains^  surrounded  by  snaw,  and 
for  above  the  region  of  vegetation*  If  ancient  tra-> 
ditions  could  be  relied  upon  with  as  much  certainty 
as  the  records  of  nature  imprinted  on  the  crust  of 
the  globe,  we  might  cite  the  foct  of  ancient  con-' 
tinents  having  sunk  down  since  the  Yforid^r^M  peo^ 
pled  by  the  human  race*  Pkto,  in  his  dialogue  en- 
titled TisnauSj  says,  that  Solon.received  an  account 
from  the  priests  of  Sais  in  Egypt,  that  there  was 
formerly  a  vast  country  called  the  Atlantades,  si-> 
tuated  beyond  the  Straits  of  Gibraltar,  the  intet** 
bitants  of  which  were  highly  civilized,  and  flourish^ 
ing ;  but  the  whole  country  was  engulphed  in  the 
ocean,  during  a  violent  earthquake. 
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The  limits  of  an  elementary  treatise  wUl  not  ad- 
mit a  greater  space  for  geological  theories^  or  for 
the  further  enumeration  of  facts^  that  indicate  th<k 
former  action  of  inundations  on  the  sur&ce  of  con*- 
tinents  and  islands^  and  the  changes  which  have 
taken  place  in  the  relative  level  of  the  land^  and  the 
bed  of  the  ooean«  These  facts  must  be  admitted^ 
notwithstanding  the  difficulties  that  may  attend 
their  explanation^  for  it  is  not  a  mere  fiction  of  fancy> 
that 

^'  Earthqaakes  have  raised  to  heaven  the  lowlj  val^, 
And  gnlpbs  the  moantains  mighty  mass  entomb'd,  * 
And  where  the  Atlantic  rolls,  wide  continentahave  bloomfd.'* 

Yet  whatever  proofs  we  may  have  of  such  ehangesy 
they  are  so  remote  from  our  present  experience^  at 
least  in  this  part  of  the  globe^  that  we  cannot  avoid 
regarding  them  as  more  proper  subjects  for  the 
poetj  than  for  the  sober  records  of  the  natural 
historian. 

Before  I  conclude^  it  may  be  right  to  advert  to 
an  inquiry  that  has  frequently  been  made — What 
advantage  can  be  derived  Jrwn  the  study  of  Oeo^ 
logy? 

The  value  of  every  science  must  ultimately  rest 
on  its  utility :  but  in  making  the  estimate^  we  ought 
not  to  be  guided  alone  by  the  narrow  view  of  im^ 
mediate  gain .  The  material  univense  appears  des^^ 
tined  to  answer  two  important  purposes :  the  first 
of  which^  is  to  provide  for  the  physical  wants  of  its 
various  inhabitants.  Now  in  relation  to  this  pur- 
pose, the  science  which  teaches  us  the  structure  of 
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the  earthy  and  where  its  mineral  treasures  may  be 
founds  can  scarcely  be  deemed  devoid  of  utility 
by  a  nation  deriving  so  much  of  its  comfort  and 
wealthy  from  its  mineral  resources.  But  beside  sup* 
plying  our  physical  wants^  the  external  universe  is 
destined  to  answer  a  nobler  purpose ;  its  various  ob- 
jects appear  intended  to  excite  our  curiosity^  and 
stimulate  our  intellectual  powers  to  the  discovery  of 
those  laws^  by  which  the  successive  events  we  ob- 
serve in  nature  are  governed.  Without  this  excite- 
ment^ man  would  for  ever  remain  the  mere  creature 
of  animal  sensatioOj  scarcely  advanced  above  the 
beasts  of  the  forest;  and  the  universe  would  be  to 
him  a  mute  and  unmeaning  succession  of  forms^ 
sounds,  and  colours,  without  connection,  order,  or 
design.  In  those  sciences,  which- have  attained  the 
highest  degree  of  perfection,  the  skill  of  the  Creator, 
and  the  ends  and  uses  of  the  different  parts  are 
most  apparent.  Geology  has  not  yet  made  suffi- 
cient progress,  to  carry  us  far  in  this  path  of  in- 
quiry ;  but  we  see  enough  to  discover,  that  the  very 
disorder  into  which  the  strata  on  the  sur&ce  of  the 
globe  are  thrown,  and  the  inequalities  which  it 
presents,  are  absolutely  necessary  to  its  habitable 
condition.  The  distribution  of  its  mineral  treasures, 
and  particularly  of  coal,  to  the  cold  and  temperate 
regions  of  the  globe,  is  well  deserving  attention, 
and  implies  a  prospective  regard  for  the  wants  of 
civilized  man :  but  a  cold-hearted  philosophy,  under 
the  sancticm  of  a  quaint  expression  of  Lord  Bacon*', 

*  **  Cansannnfioalium  iaquisitio  tterilis  est,  et  UsqiMun  virgo 
Deo  consecraU  nihil  parit/' 


has  (to  use  the  words  of  DugaM  Stewart)  '^  made 
it  fashionable  to  omit  the  consideration  of  final 
causes  entirdy^  as  inconsistent  with  the  acknow- 
ledged rules  of  sound  philosophizing.  The  effect 
of  this  has  been  to  divest  the  study  of  Nature  of  its 
most  attractive  charms^  and  to  sacrifice  to  a  false 
idea  of  logical  rigour^  all  the  moral  impressions 
and  pleasures,  which  physical  knowledge  is  fitted 
to  yield." 

Geology  discovers  to  us  proofs  of  the  awful  re* 
volutions  which  have  in  former  ages  changed  the 
surface  of  the  globe,  and  overwhelmed  all  its  inha- 
bitants :  it  reveals  to  us  the  forms  of  strange  and 
unknown  animals,  and  unfolds  the  might  and  skiD 
of  creative  energy^  displayed  in  the  ancient  world : 
indeed,  there  is  no  science  which  presents  ob- 
jects that  so  powerfully  excite  our  admiration  and 
astonishment.  We  are  led  almost  irresistibly  to 
speculate  on  the  past  and  future  condition  of  our 
planet,  and  on  man,  its  present  inhabitant.  What 
various  reflections  crowd  upon  the  mind,  if  we 
carry  back  our  thoughts  to  the  time  when  the  sur- 
face of  our  globe  was  a^tated  by  conflicting  ele« 
ments,  or  to  the  succeeding  intervals  of  repose, 
when  enormous  crocodilian  animals  scoured  the 
surface  of  the  deep,  or  darted  through  the  air  for 
their  prey ;— or  again,  to  the  state  of  the  ancient 
continents^  when  the  deep  silence  of  nature  was 
broken  by  the  beUowings  of  the  mammoth  and  the 
mastodon,  who  stalked  the  lords  of  the  former  worM, 
and  perished  in  the  last  grand  revolution  that  pre=^ 
ceded  the  creation  of  man.  Such  speculations  are 
somewhat  humbling  to  human  pride  on  the  one 

8i 


488  CONCLUSION. 

hand,  but  on  the  other,  they  prove  our  superiority 
over  the  rest  of  the  animal  creation ;  for  it  has  been 
regarded  by  the  wisest  philosophers  in  ancient 
times,  as  a  proof  of  the  high  future  destiny  of  man, 
that  he  alone,  of  all  terrestrial  animals,  is  endowed 
with  those  powers  and  feculties,  which  impel  him  to 
speculate  on  the  past,  to  anticipate  the  future^  and 
to  extend  his  views  and  exalt,  his  hopes,  beyond  this 
visible  diurnal  sphere. 
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CHAPTER  XX. 

AN  OUTLINE  OF  THE  GEOLOGY  OF  ENGLAND 

AND  WALES. 


The  outline  of  the  Geology  of  England,  and  the  map  that  ac- 
compaoied  it,  gifen  in  the  fonner  edition  of  thin  work,  presented 
(the  author  beliefes)  the  first  distinct  general  view  of  the  geo. 
logy  of  England,  that  had  ever  been  published ;  and  though  se- 
veral parts  of  our  island  have  since  been  more  fully  examined, 
the  examinations  have  confirmed  the  correctness  of  the  leading 
facts^  stated  in  the  editions  of  1813  and  1815. 

Since  the  latter  year,  the  author  has  visited  and  revisited 
almost  every  part  of  England  and  Wales  deserving  notice,  and 
had  collected  materials  for  a  more  ample  description  of  their 
Geology.  A  work  has  however  been  published  by  Messrs.  Co. 
nybeare  and  Phillips,  entitled  ^^  Outlines  of  the  Geology  of 
England  and  Wales,"  which  contains,  as  far  as  it  has  gone,  a 
very  detailed  and  correct  description  of  English  Geology.  The 
Rev.  W.  D.  Conybeare,  to  whom  we  are  indebted  for  the 
greater  part  of  the  volume,  is  unfortunately  for  the  cause  of 
science  deceased ;  but  if  the  work  be  continued  with  the  same 
ability,  it  will  leave  little  further  to  be  desired. 

In  consequence  of  this  publication,  the  author  had  intended 
to  omit  the  following  Chapter ;  but  it  has  been  suggested  to  him, 
tliat  many  persons  who  would  think  a  minute  description  of 
each  rock  formation  dry  and  uninviting,  might  still  be  desirous  of 
perusing  a  concise  account  of  the  geology  of  their  own  country. 
There  are  also  in  the  present  Chapter  some  observations  on  the 
dabious  parts  of  English  Geology,  which  the  author  trusts  may 
deserve  the  attention  of  experienced  geologists. 


N.B.  The  Contents  of  this  Chapter^  and  the  pages^  are  given 
in  the  Index,  See  ^  Geology  of  England,* 

X  HE  shape  of  islands  and  continents^  is  generally 
determined  by  the  rariges  of  primary  and  transition 
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mountains  that  traverse  them ;  these  have  been 
compared  to  the  skeletons^  on  which  the  other  parts 
of  a  country  are  constructed. 

The  length  of  Britain  is  determined  by  different 
groups  of  mountains^  which  viewed  on  a  large  scale 
may  be  regarded  as  one  mountain  range,  extending 
north  and  south  (with  its  ramifications )  along  the 
western  side  of  England  and  Wales,  from  Cornwall 
to  Cumberland,  and  from  thence  to  the  northern 
extremity  of  Scotland.  AH  the  highest  mountains 
in  England  and  Wales  are  situated  in  this  range, 
which,  in  reference  to  our  island,  may  be  called  the 
great  Alpine  chain.  This  chain  is  interrupted  by 
the  intervention  of  the  Bristol  Channel,  and  the 
low  grounds  of  Lancashire  and  Cheshire,  which 
.divide  it  into  three  groups  or  ranges ;  these,  for  the 
sake  of  distinction,  may  be  denominated  the  Devo- 
nian range,  the  Cambrian  range,  and  the  Northern 
range.  They  form  the  Alpine  districts  of  England 
(coloured  red  in  the  map).  The  mountains  of  the 
great  Alpine  chain  from  Cornwall  to  Cumberland, 
are  composed  of  primary  rocks  and  of  other  rocks, 
which  belong  chiefly  to  the  class  of  transition  rocks, 
described  Chap*  VII.  Those  parts  in  which  the 
primary  rocks  chiefly  occur,  are  shaded  by  lines. 
In  some  few  parts  east  of  the  Alpine  district,  the 
primary  and  transition  rocks  also  make  their  ap- 
pearance, uncovered  by  the  secondary  strata. .  A 
range  of  primary  and  transition  mountains  appears 
once  to  have  extended  from  the  Devonian  range, 
in  a  north-east  direction,  into  Derbyshire :  the  trans- 
ition mountains  of  that  county,  the  Chamwood 
Forest  hills,  the  sienitic  greenstone  of  Warwick- 
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shire^  the  transitioii  rocks  of  Dudley^  the  Mal- 
vern Hills^  and  the  trap  rocks  of  Gloucestershire^ 
Somersetshire  and  Devonshire^  were  probably 
parts  of  one  range^  and  were  much  loftier  than 
at  present. 

It  was  this  range  that  appears  to  have  determined 
the  extent  of  our  island  in  that  direction^  and  to 
have  formed  the  western  border  of  an  ancient  sea 
or  lake^  in  which  the  upper  calcareous  strata  were 
deposited.  It  appears  also  to  have  determined  the 
extent  of  the  upper  calcareous  strata^  that  cover  the 
eastern  side  of  England^  and  are  bounded  by  the 
line  A  A  A.  This  boundary  marks  the  direction  of 
a  range  of  calcareous  hills^  that  extend  through 
England  in  a  waving  line^  from  the  western  extre- 
mity of  Dorsetshire^  to  the  eastern  side  of  the 
county  of  Durham.  East  of  this  line^  there  are  no 
beds  of  mineral  coal  found  in  any  part  of  England. 
Between  the  line  a  a  a  and  the  Alpine  districts 
(coloured  red)^  we  have  the  under  secondary  strata 
(coloured  green).  All  the  principal  coal  formations 
in  England  occur  in  different  parts  of  this  district, 
which,  for  the  sake  of  distinction,  we  shall  call  the 
Middle  district :  it  is  however  partly  covered  by 
beds  of  red  marie  and  sandstone.  The  upper  cal- 
careous district,  east  of  the  line  a  a  a  (and  coloured 
yellow  in  the  map),  is  in  some  parts  covered  with 
beds  of  clay  and  sand  of  a  more  recent  formation, 
belonging  to  the  tertiary  strata  ;  they  are  bounded 
in  the  map  by  the  lines  o  o  o  o.  Other  low  parts  of 
this  district  are  covered  by  alluvial  depositions. 

England  and  Wales  may  thus  be  divided  into 
three  geological  districts :  the  Alpine  district,  the 
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Middle  district^  and  the  Upper  Calcareous  district; 
the  latter  partly  covered  by  tertiary  fot^matkms* 
Each  of  these  districts  has  its  appropriate  cha* 
racters  and  mineral  productions.  In  order  to  give 
the  reader  a  clear  idea  of  the  relative  position  of 
the  rocks  and  strata  of  these  three  divisions^  let  him 
take  three  sheets  of  paper^  and  cut  out  the  form  df 
England  in  each.  Let  the  lower  sheet  be  red; 
cover  this  with  green  paper^  cutting  out  all  the 
parts  on  the  western  side^  which  will  leave  the  parts 
marked  red  in  the  map  uncovered^  and  also  the 
small  parts  where  the  Malvern  Hills  and  Cham  wood 
Forest  hills  are  situated.  Cut  out  the  third  sheet 
of  yellow  paper^  so  that  its  edge  may  correspond 
widi  the  line  a  a  A.  Then  cut  out  pieces  of  darfctt*- 
coloured  paper,  and  place  them  over  the  parts 
marked  S  S  2.  for  the  tertiary  strata ;  and  sprinkla 
sand  oil  the  parts  marked  1  1  1.  for  alluvial  tmd 
diluvial  depositions :  raise  the  western  edge  a  little, 
so. as  to  make  the  sheets  of  paper  ineline  to  the 
south-east; — and  we  shall  then  bate  a  model  of  the 
gedlogy  of  England,  which  would  be  compilete, 
provided  we  could  raise  the  parts  marked  red  above 
the  level  of  the  green  paper.  The  red  paper.  Which 
spreads  under  the  whole  and  represents  the  primary 
and  transition  rocks  of  the  Alpine  districts,  may  be 
conceived  to  extend  under  the  sea,  and  to  rise 
again  in  Ireland,  France,  Sweden,  and  Germany, 
and  thus  to  be  connected  with  all  the  granitic 
ranges  of  the  old  continent,  .It  is  scarcely  re* 
quisite  to  remark,  that  in  presenting  a  general 
view  of  the  arrangement  of  the  different  classes  of 
rocks  in  this  manner,  the  partial  wavings  or  irregu- 
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laritioS'  af  the  strata,  and  the  inequaUiy  of  surface 
presented  by  hills  asd  vallies,  amst  be  necessarilf 
disregarded        ' 

In  the  whole  of  ihe .  Alpine  district^  except  that 
part  of  it  which  forms  the  Devoniaii  raogei  the 
Bocks  of  granite  are  dee|dy  oovered  by  slate  reck*, 
and  only  make  their  appearance  in  a  few  situations. 

To  begin  our  description  with  the  Detonian 
Range, — suppose  the  geologist  to  be  landed  on  the 
steep  grainite  cliffs  at  the  Land's  End  itoComwaUt 
he  would  perceive  west  of  Mm  the  rocksof  granite; 
called  the  Ejong  Ships,  alid  ihe  more  distant  SciUgr 
Islands^  which  were  once  p9obably<  united  to  Covn^ 
wall.  This  part  of  Oornwall  is  ehiefly^  compost 
of  granite,  which  sometimes  passes  into  porphyry^ 
The  granite  is  frequently  covered  by  slate  roclui; 
A  tflvery  kind  of*  slate,  ^rovincially  called  KiUasj 
appears  to  oceupy  the  place  of  mica-slale.  At  the 
Lkard  Point,  the  granite  is  covered  by  micarsbtei 
beds  of  serpentine,  and  diallage  rock  or  crystaHiaed 
serpentine*/  ,       ^ 

From  the  Land's  End  to  Dartmoor,  the  travettet 
wiU  pass  over  a  dreary  ridge  of  granite^  ooveved 
mostly  by  slate  rocks.  The  ^siirfifcce  of  the  ceuntry 
IB  every  where  broken  by  mines ;  there  is  scarcdy 
a  tree  visible,  and  the  hitts  are  too  low  to  produce 
any  picturesque  effect .  ^       ..   •     > 

At  Dartmoor,  in  Devonshire,  the  granite  rotka 
approach  to  a  roountaiBOUs  characterj  rising  to  the 
height  of  1700  feet  above  the  level  of  the  sea. 


*  Serpentine  also  occurs  near  Liskeard  on  the  eastern  side  of 
Cornwall. 
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Rocks  of  transition  limestone  occur  near  the  feet  of 
the  granite  mountuns^  and  also, on  the  southern 
coast  of  Devonshire. 

The  western  boundary  of  the  Devonian  range  is 
principally  composed  of  gray  wac&e  slate^  and  trans- 
ition limestone^  which  extend  along  the  side  of  the 
Bristol  Channel^  into  Somersetshire.  The  Mendip 
and  Quantock  hills  are  part  of  this  range* 

Steatite  or  soap-rock^  much  valued  in  the  manu* 
iacture  of  china^  is  found  at  the  Lizard  Point  Kao- 
lin>  or  decomposed  felspar^  employed  also  in  the 
manufiB^ture  of  china^  and  for  the  finer  kinds  of  pot- 
tery^ is  afforded  by  the  granite  rocks  of  Cornwall. 
Slate  and  marble  are  supplied  from  many  parts  of 
the  Devonian  range  :  but  the  treasures  for  which 
this  part  of  England  is  most  distinguished^  are  the 
ores  of  tin  and  copper.  For  the  former,  our  iskind 
was  visited  by  the  first  commercial  nations  of  anti- 
quity.   The  mines  of  tin  are  far  from  being  ex- 
hausted ;  but  the  ore  must  have  been  more  abun- 
dant formerly,  than  at  present.    This  is  evident, 
from  the  pebbles  of  tin  ore,  found  a  little  under  the 
surface  in  the  alluvial  depositions  of  Ck>rn wall.    Tin 
ore,  or  tin  stone  as  it  is  called  by  mineralogists,  is 
extremely  hard;    and  there  can  be  little  doubt 
that  these  water-worn  fragments  once  formed  a 
part  of  r^^lar  veins,  which  intersected  mountains 
that  have  been  decomposed  and  worn  down. 

Beside  copper,  tin,  and  lead,  this  range  contains 
ores  of  silver,  cobalt,  bismuth,  manganese,  anti- 
mony, zinc,  and  iron.  Pieces  of  native  gold  are 
occasionally  discovered  in  the  sands  of  rivulets,  in  a 
similar  situation  to  stream  tin ;  some  of  these  pieces 
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are  as  large  as  a  field  bean.  All  the  known  metals 
are  found  in  Cornwall^  except  platina^  mercury^ 
molybdena^  tellurium^  tantalium^  columbium^  and 
cerium. 

The  annual  value  and  produce  of  the  copper 
and  tin  from  the  mines  of  Cornwall  and  Devonshire^ 
on  an  average  of  several  years^  may  be  stated  at 
75,000  tons  of  copper  ore^  value  SOO^OOOL  sterling ; 
9350  tons  of  metallic  tin^  value  227,0002.  sterling. 

Crossing  the  Bristol  Channel,  we  come  upon  the 
Alpine  district  of  the  Cambrian  range,  which  com- 
prises nearly  the  whole  principality  of  Wales,  and 
a  part  of  Monmouthshire,  Herefordshire  and  Shrop- 
shire. Nearly  the  whole  of  this  district  is  com- 
posed of  slate  rocks,  transition  limestone,  and  gray- 
wacke,  and  that  mode  of  gray  wacke,  which  fix>m 
its  red  colour,  has  been  called  by  English  geologists 
Old  red  sandstone.  The  borders  of  the  Bristol 
Channel,  along  Pembrokeshire,  Caermarthenshire, 
and  Glamorganshire,  are  covered  by  coal  strata^ 
described  p.  151.  This  part  properly  belongs  to 
the  lower  secondary  strata  of  the  middle  district. 
The  coal  strata  rest  on  beds  of  transition  limestone, 
which  rise  from  under  them,  on  their  northern 
outcrop.  The  eastern  side  of  this  district,  as  far  as 
Wenlock  in  Shropshire,  is  composed  of  various 
beds  of  the  old  red  sandstone,  which  in  some  parts 
passes  to  the  state  of  common  graywacke,  and  in 
other  parts  forms  an  imperfect  porphyry.  These 
beds  cover  the  greater  part  of  Herefordshire  and 
the  western  border  of  Monmouthshire ;  the  lowest 
beds  of  transition  limestone,  form  a  narrow  range 
extending  from  Caermarthen  to  Wenlock.    Nearly 
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the  nvhole  of  Caermarthenfihire,  Montgoneiyiiitte^ 
and  Radnonliire;  are  occapied  by  mountaias '  of 
slate  and  graywackey  which  present  little  variety 
of  character ;  but  near  the  town  of  Old  Radnor^ 
there  are  rocks  of  diallage^  and  further  west^  at 
Uandgley,  there  is  a  low  range  of  craggy  rocks^ 
composed  of  cellular  cby^stone^  which  bean  a 
strong  resemblance  to  some  Tarieties  of  lava.  A 
similar  rock  covers  some  part  of  the  Wrekin  and 
Caer  Caradock  Hills  of  the  trap  formation  in  Shrop- 
shire. » 

In  Merionethshire  we  meet  with  other  rocks; 
particularly  of  porphyritic  trap,  composed  chiefly  of 
felspar^  which  are  similar  in  compositbn  to  many 
ancient  rocks  of  ^eous  origin,  in  the  South  of 
France.  (See  Chap.  IX.  with  a  reference  to  Cader 
Idris^p.  905.)  Granite  occasionally  makes  its  ap^ 
petfance.  at  the  feet  of  some  of  the  Welsh  moun* 
tains ;  and  on  the  western  side  of  the  Isle  of  An- 
giesea,  there  are  rocks  of  serpentine,  talcous  slate, 
and  mica-slate. 

Snowdon  in  Caernarvonshire,  and  other  moun- 
tains in  its  vicinity,  rise  from  three  thousand  four 
hundred,  to  three  thousand  five  hundred  and  seventy 
feet  above  the  level  of  the  sea,  or 'above  three 
hundred  feet  higher  than  any  of  the  mountains 
in  Cumberiand.  A  magnificent  view  of  that  part 
of  the  Cambrian  range  which  extends  through 
Caernarvonshire,  is  seen  from  the  southern  point 
of  Uie  Isle  of  Anglesea,  on  the  entrance  of  the 
Menai :  here  the  whole  of  the  Snowdonian  moun- 
tains may  be  comprised  in  one  view,  from  Penman- 
maur  on  the  northern  coast,  to  the  conical  rooun- 
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• 

tains  callefd  the  Rifais/ on  the  furthest  toutticam 
extrlemity  of  the  county^  Snowdon  rising  inlmedi« 
ately  iii  the  midttrof  diis  range.  ^ 

Ih  the.eocDities  of  Flint  and  Denbigh; there  is  a 
large  formation  of  mountain  or  transition  limestoBe^ 
restid^  upon  tliidk  beds  of  conglomerate^  whidh 
occupy  thie  same  relative  positiou  as  the  red  sand^ 
stone  in  Monmouthshire;  thus  separating  tiie  iiiouii«* 
tain  limestone  from  the  slate  rocks.  Thr  Ihnestone 
mountains  of  Denbigh  and  Flintshire  contain  rich 
mines  of  lead  ore.  On  the  north  and  east^  the  feet 
of  these  mountains  are  cdvered  with  coal  strata. 
Roof  slate  of  a  good  quality^  and:  ores  of  lead  atid 
zinc^  forita  the  principal  mineral  treasures  of- the 
Oambrian  range^ — except  coal^  which  will  be  aftei^- 
wards  noticed.  Some  of  the  slate  rockd  contain 
mines  of  copper  ore ;  and  the  Paris  mfaie,  in  the  Isle 
of  Anglesta^  was  formerly  the  most  productive  cop- 
per-mine in  Gresit  Britain ;'  but  it  is  now  nearly 
exhausted.  For  an  account  of  the  serpentine  in 
the  Isle  o£  Anglesea^  see  pages  117^  118.     ^       '^  ' 

Grossing  the  pbiiis  of  Cheshire  and  the  lower 
part  of  Lancashire^  we  come  upon  the  transition 
limestone  of  the  northern  range.  Near  Cliihero^ 
in  the  latter  county^  where  the  bedsure  much  con* 
torted^  this  limestone  is  fully  developed  in  th6 
northern  range^  and  extends  with  little  interruptioik 
from  Clithero,  through  Craven  in  Yorkshire/ and 
the  western  parts  of  Durham  and  Northumberland^ 
and  thenci  into  Westmoreland  and  Cumberland. 
The  numerous  beds  of  this  limestone  alternate 
with  graywacke  slate^  and  what  may  properly  be 
called  graywacke  sandstone.       The  lowest  bed 
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generally  rests  on  slate^  but  sometimes  a  bed  of  red 
sandstone  or  conglomerate  is  interposed.  The 
slate  lies  conformably  with  the  limestone ;  but  being 
divided  into  thick  plates^  which  are  nearly  vertical^ 
jAiey  have  frequently  been  described  as  vertical 
strata^  supporting  nearly  horizontal  strata  of  lime- 
stone. Their  true  position  is  represented  in  Plate  3. 
fig.  l.dd.  The  mountain  or  transition  limestone 
of  these  counties,  forms  the  base  of  many  lofty 
Hiountains,  that  are  capped  with  the  lower  strata  of 
the  coal  formation. 

Ingleborough  Hill  in  Yorkshire^  and  Cross  Fell  in 
Cumberland,  present  a  complete  exhibition  of  the 
structure  of  the  calcareous  mountains  of  this  range. 
This  will  be  better  understood  by  a  reference  to 
Plate  7.  fig.  1.  which  is  a  section  of  England,  from 
the  German  Ocean  to  the  Irish  Channel,  through 
the  counties  of  Durham  and  Cumberland* 
'  The  magnesian  limestone  b,  rises  above  the  Ger- 
man Ocean  a,  and  covers  the  eastern  border  of  the 
great  coal-field  of  this  district.  The  coal  strata 
€  c,  are  represented  dipping  eastward ;  they  are  in 
some  parts  deranged  by  dykes  of  basalt,  one  of 
which,  the  Burtreeford  dyke,  throws  up  the  strata 
one  hundred  and  eighty  yards.  As  we  advance 
towards  the  summit  of  Gross  Fell,  5,  we  pass  over 
the  lower  beds  of  the  coal  formation ;  they  termi- 
nate on  the  summit  of  this  mountain,  which  is  cap- 
ped with  a  bed  of  coal.  The  middle  and  lower 
parts  of  Cross  Fell  are  composed  of  beds  of  transi- 
tion limestone,  d  d,  alternating  with  graywacke 
and  sandstone,  which  rest  at  its  base  on  slate,  e. 
The  slate  is  continued  westward,  till  it  is  inter- 
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rupted  by  nearly  vertical  beds  of  trap  and  rienite. 
In  the  Vale  of  Eden^  the  subjacent  rocks  are  covered 
by  beds  of  conglomerate^  or  of  red  sandstone^  f^ 
of  which  the  hill  called  Penrith  Beacon^  4^  is  com« 
posed.  The  lofty  mountains  that  surround  the 
lakes  of  Cumberland  and  Westmordand^  are  skirted 
by  beds  of  lower  transition  limestone^  h.  The 
highest  mountains  of  this  group  are  Helvellyn  3; 
Skiddaw  9,  Sea  Fell  1 .  On  the  western  border  of 
this  group  we  meet  with  transition  limestone^  and 
siliceous  sandstone  dipping  westward ;  then  suc- 
ceeds the  coal  strata  of  Whitehaven^  c^  which  dip 
beneath  the  sea^  and  are  in  some  parts  covered 
with  magnesian  limestone^  b. 

To  return  to  Cross  Fell.  The  transition  limestone/ 
beside  being  divided  into  numerous  beds^  by  beds 
of  graywacke  and  sandstone^  has  also  irregular 
beds  of  basalt  interposed  between  the  strata.  The 
most  considerable  of  these  beds  is  called  the  Great 
Whin  Sile ;  it  is  in  some  parts  sixty  yards  thick, 
Masses  of  columnar  basalt  also  occur  on  the  sur- 
face. According  to  the  account  of  the  strata  of 
this  country^  given  by  Mr.  Westgarth  Forster^  the 
total  number  of  beds  of  limestone  is  eighteen,  and 
their  total  average  thickness  about  one  hundred 
and  fifty  yards.  The  basaltic  dykes  of  this  dis- 
trict have  been  noticed  in  Chap.  IX.  In  Derby- 
shire and  Wales,  the  beds  of  transition  limestone 
are  fewer  and  thicker,  than  those  of  Durham  and 
Northumberland.  Cross  Fell  is  the  highest  calca- 
reous mountain  in  Great  Britain,  rising  S900  feet 
above  the  level  of  the  sea.  From  its  summit,  both 
the  Irish  Sea  and  the  German  Ocean  may  be  seen. 
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The  Alpine  mountain?  surrounding  the  lakes  are 
chiefly  composed  of  slate,  containing  beds  of  good 
roof  slate^  graywacke,  flint  date,  porphyritic  fel- 
spar^ and  sienite.  Granite  occurs  in  some  parts 
of  the  group^  particularly  near  Shap,  and  at  Cald- 
heck  Eell,  underSkiddaw,  and  in  the  mountains  on 
the  west  side  of  Wast  Water.  The  mountains  of 
this  group  hear  a  striking  similarity  of  composition 
to  those  of  North  Wales,  and  like  them  contain 
rocks  of  porphyry,  which  appear  nearly  allied  to 
imcient  volcanic  rocks..  In  some  situations  they 
a/isume  a  columnar  structure.  The  most  remark- 
able of  those  rpcks  are  described  pages  193  and  193. 

There  are  in  some  of  these  mountains  beds  of  red 
unctuous  ferruginous  clay  and  iron-stone.  In  one 
of  these  beds,  above  Seathwaite  in  Borrowdale,  is 
found  the  justly  celebrated  black-lead,  or  graphite, 
which  is  the  best  that  has^  hitherto  been  discovered. 
It  occurs  in  irregular  nodules,  intermixed  with 
green  earth,  quartz,  and  calcareous  ^r.  I  was 
informed  at  the  mine,  that  the  smaller  pieces  seH 
for  seventy  pounds  per  ton,  and  the  larger  for  forty 
shilling^  per  pound ;  and  that  black-lead  to  the  value 
0f  one  thousand  pounds,  had  been  obtained  in  one 
day.  The  bed  above  the  ferruginous  bed  contain- 
ing the  black-lead,  is  composed  of  gray  porphyritic 
felspar ;  the  bed  under  it,  approaches  to  a  green 
slate  (clay-slate).  The  black-lead  occupies  what  is 
csilled  a  vein,  on  the  lower  side  of  the  ferruginous 
bed :  it  is .  generally  narrow,  but  opens  out  into 
wider  spaces,  filled  with  this  valuable  mineral. 
The  same  bed  of  ferruginous  clay,  I  have  ascer- 
tained, ranges  through  the  adjacent  manors,  where 
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it  is  probable  black-lead  might  also  be  founds  were 
proper  search  made  for  it. 

The  highest  mountains  of  Cumberland^  West- 
moreland^ and  Craven  in  Yorkshire^  rise  about 
three  thousand  feet  above  the  level  of  the  sea. 
Snow  remains  on  their  summits  and  northern  de* 
clivities  to  the  middle  of  June^  and  in  some  in- 
stances  has  continued  the  whole  year. 

A  branch  from  the  Northern  range  extends  into 
Derbyshire  and  the  north  part  of  Staffordshire^  the 
transition  or  mountain  limest<»ie  of  Yorkshire  being 
continued  into  those  counties ;  but  the  continua-' 
tioa  is  apparently  interrupted  by  the  lower  beds  of 
the  coal  formation^  that  cover  it  from  Skipton  to 
near  Castleton.  The  limestone  of  Derbyshire  is 
divided  into  four  beds^  by  intervening  beds  of  ba- 
sakio  amygdaloid ;  in  all  its  characters  it  resembles 
thetransition  limestoneinotberpartsof  the  Northern 
nnge^  and  is  described  p.  137^  210.  The  transition 
limestone  of  the  Northern  range  is  rich  in  ores  of 
lead  and  zinc. 

The  middle  district  of  England,  (coloured  green 
in  the  mapj  is  comprised  between  the  Alpine  dis- 
trict on  the  westj  and  the  Upper  Calcareous  district 
(coloured  yellow)  on  the  east.  In  this  district, 
all  the  principal  coal-fields  of  England  and  Wales 
are  situated.  The  strata  of  the  middle  district  are 
those  described  as  the  lower  secondary  strata^ 
Chap*  IX.  They  are  principally  siliceous  and  ar- 
gillaceous^ and  the  fossil  remains  are  chiefly  vege« 
table.  Few  beds  of  limestone  occur  in  this  divi-* 
aion.  The  general  dip  of  the  strata  in  the  northern 
and  midland  counties^  east  of  the  line  c  c  c^  is^  to 


496         COAL-FIELDS  IN  ENGLAND  AND  WALES. 

the  east,  or  south-east,  and  they  dip  under  the  cal- 
careous strata  a  a.  The  latter  cover  their  eastern 
border  unconformably,  as  represented  Plate  7.  6g. 
1.  B.  and  Plate  1.  fig.  3.  The  more  western  and 
southern  parts  of  the  division  (coloured  green)  are 
frequently  covered  by  extensive  beds  of  gravel,  and 
by  red  marie  and  sandstone  ;  and  in  some  parts  of 
this  division,  primary  and  transition  rocks  rise  to 
the  surface,  as  at  Charnwood  Forest  in  Leicester- 
shire, and  the  Malvern  Hills  in  Worcestershire. 

Beginning  from  the  north,  strata  of  the  coal  for- 
mation extend  on  the  eastern  side  of  Northumber- 
land and  Durham,  from  Berwick-on-Tweed,  to  the 
river  Tees ;  but  from  thence  to  the  river  Air  (near 
Leeds),  only  the  lowest  beds  of  the  coal  formation 
occur,  which  contain  but  little  workable  coal.  The 
Yorkshire  and  Derbyshire  coal-field  commences  a 
little  north  of  Leeds,  and  extends  in  breadth  east 
and  west  about  twenty -five  miles,  from  Halifax  to 
Abberford,  and  in  length  about  seventy  miles,  from 
Leeds  to  near  Nottingham  and  Derby.  The  breadth 
decreases  southward,  being  little  more  than  twelve 
miles  in  Derbyshire. 

South-west  of  Derbyshire  there  are  a  few  small 
coal-fields  near  Ashby-de-la-Zouch,  and  near  Tam- 
worth,  Atherstone,  and  Coventry.  The  latter  coal- 
field is  the  most  southern  situation  in  which  mineral 
coal  has  been  discovered  in  the  midland  counties. 

On  thenorth-west  side  of  England,  there  isasmall 
coal-field  bordering  the  sea  in  Cumberland,  which 
extends  from  Whitehaven,  to  the  north  of  Maryport. 
Thiscoal-field,  though  small  in  extent,  contains  seven 
beds  of  excellent  workable  coal.  From  its  contiguity 
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to  the  sea^  and  its  remoteness  from  other  coal-fields^ 
it  may  be  considered^  in  proportion  to  its  extent^  as 
one  of  the  most  valuable  coal  districts  in  England. 
In  one  mine^  the  coal  is  wrought  at  the  depth  of 
S98  yards.     The  workings  of  some  mines  have 
been  extended  under  the  sea.     The  next  consider- 
able coal-field  is  that  of  Lancashire  :  it  is  separated 
from  the  Yorkshire  coal-field  by  a  range  of  lofty 
hills^  on  the  borders  of  the  two  counties,  extending 
on  the  west  side  of  Colne^  to  Blackstone  Edge^  and 
from  thence  to  Axe  Edge^  on  the  border  of  Derby- 
shire.    These  hills  are  principally  composed  of 
millstone  grit  and  shale^  but  are  not  covered  by 
coal  strata.     On  the  western  side  of  these  hills^  the 
coal  strata  of  the  Lancashire  coal-field  commence^ 
dipping  westward;  but  they  are  broken  and  de- 
ranged by  numerous  fitulis.     The  principal  beds 
of  coal  are^^-one  of  six  feet  in  thickness^  and  a 
lower  one  called  the  three-quarter  bed.    In  some 
parts  the  sandstone  strata  are  of  a  deep  red  colour. 
The  breadth  of  this  coal-field  from  Macclesfield  to 
Oldham^  does  not  exceed  five  or  six  miles;  but  from 
Oldham^  it  extends  westward  to  Prescot  near  Li- 
verpool^ and  from  Prescot  it  extends  in  a  north- 
east direction  to  Colne. 

Not  far  from  the  southern  extremity  of  the  Lan- 
cashire coal-field^  there  is  a  small  but  valuable  coal 
district^  which  supplies  the  potteries  near  New- 
castle in  Stafibrdshire ;  this  may  properly  be  consi- 
dered as  an  extension  of  the  Lancashire  coal-field. 
The  next  important  coal-field  is  that  of  Dudley 
and  Wolverhampton ;  it  is  about  twenty  miles  in 
lengthy  and  varies  in  width  from  four  to  seven 
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miles.  It  contains  the  thickest  bed  of  coal  in 
Great  Britain.  (See  page  155.)  There  is  a  narrow 
coal-field  on  the  north-eastern  border  of  Wales^ 
extending  frotA  Mostyn  in  Flintshire^  to  Chirk  in 
Denbighshire.  There  are  also  a  few  smaller  coal- 
fields on  the  north-eastern  side  of  Herefordshire^ 
which  extend  into  Shropshire.  The  Glee  Hilk 
near  Ludlow  contain^  on  their  sides,  two  or  three 
small  detached  coal  basins.  The  summits  of  these 
lofty  hills  are  capped  with  basalt. 

The  coal  basin  of  the  Forest  of  Dean,  is  the  next 
considerable  repository  of  coal :  it  presents  perhaps 
the  most  perfect  model  of  a  coal  basin,  of  any  in 
Great  Britain  ;  the  coal  strata  occupy  a  space  of 
about  ten  miles  in  length,  and  six  in  breadth  :  the 
millstone  grit,  and  the  transition  limestone,  on 
which  they  lie,  may  be  distinctly  observed  cropping 
out  on  its  northern  and  western  boundary. 

In  Somersetshire  and  Gloucestershire,  there  is  a 
considerable  coal-field  on  each  side  of  the  river 
Avon ;  its  greatest  extent  is  about  twenty  miles, 
and  its  greatest  ascertained  breadth  about  eleven 
'  miles ;  but  it  is  covered  in  many  parts  by  the  upper 
secondary  strata,  consisting  of  red  marie  and  has. 
The  deepest  coal  mine  in  England  is  in  this  coal- 
field ;  the  depth  of  the  pit  at  Red  Stock  near  Bath 
being  409  yards. 

The  greatest  repository  of  coal  in  our  island,  is 
that  which  extends  on  the  northern  side  of  the 
Bristol  Channel,  one  hundred  miles  in  length,  and 
varying  in  breadth  from  five  to  twenty  miles.  It 
has  been  already  noticed.  Chap.  VIII.  pages  151 
and  181. 
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A  considerable  part  of  the  middle  district^  (co- 
loured greeR  in  the  map^)  which  is  not  occupied  by 
the  coal  formations  above  enumerated,  is  covered 
by  the  red  marie  and  sandstone  described  in  Ghap. 
IX.  As  the  sandstone  of  this  formatidn  often 
tovers  the '  coal  strata,  it  becomes  an  object  of 
great  interest  to  landed  proprietors,  in  the  midland 
counties,  who  have  estates  at  ito  great  distance 
from  the  coal  districts,  to  ascertain  whether  coal 
may  not  extend  under  the  red  marie  and  sand- 
stone. Some  observations  on  this  subject  are  given 
(pages  174  and  175),  which  the  author  is  persuaded 
deserve  the  attention  of  landed  proprietors.  ;  The 
search  for  coal  under  the  red  marie  and  sandstone 
in  Somersetshire,  has  been  eminently  successful; 
and  coal  has  in  some  instances  been  found,  by 
sinking  through  both  lias  and  red  sandstone. 

The  principal  repositories  of  rock  salt,  and  the 
strongest  springs  of  brine,  are  situated  in  the  red 
marie  of  Chesfahre,  and  near  Droitwich  in  Wor« 
oestershire.  (See  pages  S48  and  850.)  In  this 
formation,  the  principal  beds  of  gypsum  are  found : 
it  is  frequently  associated  with  rode  salt.  (See 
Chap.  XL) 

One  of  the  most  remarkable  features  of  the  mid- 
dle district,  is  the  occasional  occurrence  of  consi- 
derable rocks  of  g^nite,  slate,  and  sienite,  belong- 
ing to  the  class  of  primary  or  transition  rocks ; 
they  rise  through  the  secondary  strata,  and  appear, 
from  various  circumstances,  to  have  once  occupied 
a  considerable  portion  of  the  midland  counties, 
extending  from  Leicestershire  to  Warwickshire, 
Worcestershire,    Gloucestershire,    Somersetshire, 
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and  DevoDBhire.  The  rocks  of  porphyry,  sienite^ 
and  g^nite  in  this  district,  like  many  similar  rocks 
that  have  been  observed  in  other  parts  of  the  world, 
appear  to  be  closely  associated  with,  and  to  pass 
into  rocks  of  the  trap  formation,  allied  to  basalt  and 
volcanic  rocks.  (See  an  instance  of  the  passage  of 
granite  into  basalt,  page  190.)  The  Charnwood 
Forest  hills  in  Leicestershire,  extend  about  ten 
miles  from  S.E.  to  N.  W.  rising  from  six  to  eight 
hundred  feet  above  the  circumjacent  country ;  they 
represent  in  miniature  the  mountains  of  North 
Wales,  and  those  in  the  vicinity  of  the  Lakes. 
They  are  principally  composed  of  flinty  slate,  roof- 
slate,  porphyritic  trap,  porphyritic  greenstone,  sie- 
nite,  and  granite.  No  organic  remains  have  been 
observed  in  any  of  the  Forest  rocks,  nor  in  the 
slate-quarries  which  have  been  extensively  worked 
for  many  years*.  Veins  of  white  quartz  containing 
chlorite  intersect  these  hills,  particularly  in  that 
part  between  Bardon  Hill  and  the  town  of  Whit- 
wick.  No  appearance  of  any  metallic  substance 
occurs  in  these  veins  *,  nor  is  pyrites  found  in  any 
of  the  rocks  which  I  examined  :  a  rock  containing 
a  great  quantity  of  yellow  mica,  at  a  place  called 
Basil  Wood,  is  an  imperfect  mica-slate,  passing 
into  gneiss.  The  roof-slate  is  principally  confined 
to  the  eastern  side ;  and  on  this  side  the  beds  are 
more  regular,  and  rise  at  a  very  elevated  angle  to 
the  south-west.  The  slaty  cleavage  of  the  stone  is 
nearly  at  right  angles  with  the  direction  of  the 
beds.    All  the  rocks  of  this  district,  except  the  por- 

*  Except  ft  few  fpangles  of  micaceonB  iron  ore. 
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phyritic  rocks  on  the  west  side,  have  a  tendency  to 
assume  pyramidal  forms;  and  the  stone  divides  into 
trapezoids  with  smooth  fisices^  by  which  they  may 
be  distinguished  at  a  distance,  from  any  other  stones 
in  that  part  of  England. 

The  changes  by  which  the  different  kinds  of 
rock  pass  into  each  other,  are  similar  to  those  de^ 
scribed  by  D'Aubuisson  in  the  department  of  La 
Doire*.  In  the  same  rock^  the  upper  bed  will 
sometimes  be  porphyritic  and  the  next  comp&ct; 
and  sometimes  from  the  same  bed,  small  specimens 
might  be  broken,  which  will  present  the  two  char 
racters  on  the  opposite  sides.  The  largergrained 
sienite  of  one  rock,  becomes  smaller-grained  in 
another ;  and  in  the  adjoining  rock  it  will  be  porr 
l^yritic,  and  pass  by  gradation  into  flinty  slate  with 
small  crystals  of  felspar. 

«  Veins  of  dark  and  nearly  compact  greenstone, 
intersect  the  sienite  at  Mount  Soar  Hill.  The  sides 
of  the  vein  are  intermixed,  and  closely  united  with 
the  rock. 

The  granitic  rocks  of  Mount  Sorrel  are  sepa«- 
reted  from  the  slate  rocks  by  a  plain,  called  Rokeby 
plain,  which  prevents  their  junction  from  being 
traced  on  this  side ;  they  have  a  lower  elevation 
than  the  slate,  which  is  inclined,  as  if  it  rose  from 
under  them.     Bardon  Hill  is  composed  of  sienitic 


*  ''  Le  passage  d'ane  de  ces  variet^s  de  roche  k  I'autre,  prove- 
naot  de  la  difference  dans  les  proportions  des  principes,  est 
anssi  brusque  quMl  est  frequent.     Dans  le  distance  de  quelques  ; 

^as  on  voit  tantdt  un  schiste  presque  enti^rement  forme  de  feld-  \ 

spath,  iantdt  tr^s  abondant  en  qnartz,  tant6t  fonn£  de  talc  I 

presque  pur.** — Journal  des  Mines^  Mai  1811. 
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porphyry ;  Beacon  Hill  is  composed  of  flinty  slate^ 
and  porphyry  slate  containing  crystak  of  felspar. 
These  are  the  two  highest  hills  in  the  Forest.  The 
gradations  from  sienite  to  porphjrry  slate  and  flinty 
siate^  are  frequent  on  the  western  side  of  the  Forest. 
The  only  mineral  substances  obtained  from  ihese 
hills  is  roo£>slate,  paving-stones^  and  a  species  of 
whetstone  or  hone ;  this  is  not  found  in  a  regular 
bedj  but  in  fragments  under  the  soil.  The  beau* 
tiful  green  and  red  sienite  at  Markfield  Knowl 
might  be  employed  ibr  durable  ornamental  archi*- 
tecture ;  large  pyramidal  blocks  are  scattered  over 
the  hill ;  and  were  a  quarry  opened  near  the  sum- 
mit, the  stone  might  probably  be  raised  in  large 
masses  at  a  small  expense. 

The  porphyritic  rocks  near  Whitwick,  particur 
larly  one  called  Sharpless,  are  composed  of  a  dark 
purplish  gray  compact  porphyry  slate ;  it  contains 
numerous  crystals  of  quartz,  and  some  imperfect 
garnets.  The  rocks  on  this  side  of  the  Forest  are 
singularly  shattered,  and  presentdeep  perpendicuhur 
fissures,  ill  some  instances  covered  by  transverse 
stones  of  immense  size ;  they  form  piles  of  shapeless 
ruins,  showing  the  devastation  of  the  elements,  and 
the  effects  of  all-destroying  time. 

I  have  been  more  minute  in  the  description  of 
this  piart  of  Englaiid  than  may  appear  consistent 
with  the  mere  outline  of  its  geology,  which  I  pro- 
posed to  give ;  but  so  little  was  known  respecting 
the  mineralogy  of  these  hills,  though  in  the  centre 
of  the  island,  that  I  trust  I  shall  be  excused  for  this 
deviation.  The  country  presents  few  scenes  to 
allure  the  pictucesque  traveller,  and  the  surface  is 
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now  nearly  concealed  by  plantations  and  inclosures. 
The  observations  were  made  during  a  mineralo- 
gical  examination  of  some  of  tbe  manors  on  the 
Forest,  for  the  late  Marquis  of  Hastmgs  in  18 IS. 

But  it  is  the  relation  of  these  hillv  with  the  sur- 
rounding strata,  that  is  most  interesting  to  the 
logist.  On  the  northern  side^  at  Grace  Dieu,  are 
strata  of  transition  limestone,  which  rise  gently  to  the 
Fbrest  hills,  and  are  connected  with  a  seriesof  rocks 
of  the  same  formation,  passing  in  a  northerly  direc- 
tion by  Ticknall  and  Breedon,  and  evidently  con* 
nectingtbis  limestone  with  that  of  Derbyshire.  A 
little  north  of  this,  there  are  coal  strata  rising  at  an 
elevated  angle,  not  more  than  800  yards  distant 
from  the  Forest  rocks:  On  the  north-west  side  of 
the  range,  there  are  thick  beds  of  conglomerate, 
evidently  formed  of  fragnbents  of  the  Forest 
rocks:  these  conglomerate  beds  extend  far  north* 
ward.  Between  the  elevated  cod  strata,  and  the 
Forest  rocks,,  there  are  Jiorizontal  strata  of  the 
red  marie  and  sandstone  formation.  The  same 
sandstone  covers  the  nearly  vertical  beds  of  slate  aft 
tbe  Swithland  quarries,  and  extends  on  thie  eastern 
side  of  the  range,  where  it  is  covered  with  lias 
limestone. 

The  relative  position  of  these  different  format 
tions  will  be  better  understood  by  referring  to 
Plate  S.  fig.  4.  66.  rocks  of  granite,  sienite,  and  por- 
phyry; cc.  slate  rocks;  dd.  coal  strata  rising  to- 
wards  the  Forest  rocks ;  aaa.  nearly  horizontal 
strata  of  sandstone,  covering  part  of  the  Forest  rocks ; 
E,  lias  covering  the.  sandstone.  This  section  is  not 
taken  through  the  highest  part  of  the  range,  but 
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leaves  Bardon  Hill  and  Beacon  Hill  to  the  left. 
This  arrangement  of  the  strata^  proves  that  the 
beds  of  sandstone^  a  a  a,  were  deposited  after  the 
elevation  of  the  beds  of  granite  and  slate^  (See  pages 
SSS  to  SSfi.  Chap.  X.)  where  it  is  inferred  that  the 
granite  of  this  range  is  more  ancient  than  the  granite 
of  the  Alps.  Taking  Chamwood  Forest  as  a  sta- 
tion^  from  whence  we  would  examine  the  geology 
of  the  central  parts  of  England^  we  find  no  rocks 
on  the  northern  side^  in  Derbyshire^  Nottingham* 
shire^  or  Yorkshire^  which  can  daim  relationship 
with  those  of  the  Chamwood  range,  except  it  be 
the  basalt  of  Derbyshire.  The  sienite  and  porphy- 
ritic  trap-rocks  on  Chamwood  Forest,  sometimes 
approximate  in  appearance  to  basalt;  and  it  is  not 
improbable  that  future  observations  may  establish 
a  close  connection  between  these  rocks.  The 
transition  limestone,  which  approaches  the  Cham- 
wood Forest  hiUs  on  this  side,  is  a  continuation  of 
that  of  Derbyshire.  Turning  to  the  south-west, 
we  find  rocks  of  the  Chamwood  Forest  range  ap- 
pearing above  the  surface,  on  the  road  to  Hincidey ; 
and  it  can  scarcely  be  doubted,  that  the  gre^i- 
stone  and  tmp  and  quartz  rock,  near  Atherstone 
and  Nuneaton,  are  a  part  of  the  same  range :  they 
are  identical  in  composition,  and  divide  into  the 
same  trapezoidal  fragments.  From  Nuneaton  to 
Dudley  and  Bromsgrove  Lickey,  on  the  west  of 
Birmingham,  the  surfiice  is  covered  with  the  red 
sandstone ;  and  no  accurate  search  has  been  made 
to  ascertain,  whether  any  basaltic  or  granitic  rocks 
appear  in  site.  At  Bromsgrove  lackey,  quartz- 
rock  makes  its  appearance;  and  near  Dudley,  there 
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aie  beds  of  transition  limestone  and  basaltic  roeks^ 
which  may  probably  be  connected  with  those  of 
Nuneaton. 

The  geology  of  the  country  round  Dudley  is  too 
remarkable  to  be  overlooked ;  it  has  been  slightly 
noticed  p.  1S6.  The  strata  of  transition  limestone 
have  here  been  subjected  to  a  disturbing  force^ 
which  has  not  only  elevated  them^  but  folded  them 
round  one  of  the  hills^  as  if  they  had  once  been  in 
a  soft  and  flexible  state;  and  the  occurrence  of  ba- 
saltic rocks  in  the  vicinity,  seems  to  indicate  the 
agent  by  which  this  had  been  effected.  (See  Plate  S. 
fig.  4.)  a,  b,  two  beds  of  transition  limestone ;  the 
thickness  of  the  outer  is  ten,  and  of  the  inner 
bed  fourteen  yards.  In  the  hill  ▲  on  the  rights 
called  Wren's  Nest  Hill,  the  strata  are  folded  round 
the  hill,  as  represented  in  the  small  compartment 
B,  which  is  a  ground  plan.  The  beds  of  the  same 
limestone  at  Dudley  Castle  Hill»  b,  are  raised  on 
each  side  of  the  hill^  dipping  in  contrary  directions. 
The  great  bed  of  Staffordshire  coal,  crops  out  at 
c,  between  Wren's  Nest  Hill,  and  Dudley  Castle 
Hill.  A  hill  capped  with  basalt  is  represented  at 
D.  The  limestone  is  so  nearly  vertical  at  Wren's 
Nest  Hill,  that  it  is  worked  by  horizontal  shafts. 

Proceeding  westward  from  Bromsgrove  Lickey 
into  Worcestershire,  the  first  g^nitic  racks  we 
meet  with,  are  those  of  the  Malvern  Hills.  These 
hills  extend  for  about  ten  miles  from  north  to  south ; 
they  rise  above  the  level  vale  of  the  Severn,  from 
eleven  to  fourteen  hundred  feet,  and  form  a  con- 
spicuous feature  in  the  geology  of  the  western 
counties.  These  granitic  rocks  are  principally  com- 
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posed  of  red  fekpar,  and  greenish  hornblende^  in- 
termixed with  quartz^  niica^  and  epidote.  In  some 
parts  the  hornblende  prevails,  and  the  rock  passes 
to  greenstone^  resembling  4iat  of  the  trap  forma- 
tion. These  rocks  are  rapidly  disintegrating^  and 
form  a  red  soil.  On  the  eastern  side  at  the  bottom, 
they  are  covered  by  red  marie,  v?hich  a|>pears 
formed  of  the  decomposed  materials  of  these  hilb : 
on  the  v?e8tem  side,  they  are  partly  covered  by 
transition  limestone.  The  limestone  in  some  parts, 
dips  towards  the  granitic  rocks,  as  if  it  passed  under 
them.  An  experiment  well  deserves  to  be  made,  in 
order  to  ascertain  the  relative  position  of  the  lime- 
stone and  granite  in  this  place :  it  is  not  impossible, 
that  the  granite  of  the  Malvern  Hills,  like  that  of 
Christiania  in  Norway,  may  cover  transition  lime- 
stone. 

To  the  south-west  of  the  Malvern  Hills,  Vre  find 
trap-rocks  ranging  from  Berkley  towards  Bris- 
tol. One  of  these  rocks  at  Woodford  Bridge,  has 
been  described  p.  208.  The  surface  of  the  land 
between  Bristol  and  Bridgewater  is  much  broken 
by  the  sea ;  but  in  that  direction,  on  the  north 
of  Exeter,  there  are  rocks  called  dunstone,  and 
greenstone,  of  the  trap  formation  ;  and  from  Exe- 
ter' to  Torbay,  we  meet  vrith  various  groups  of 
rock,  of  a  similar  formation.  It  well  deserves  at- 
tention, that  aU  these  rocks  which  have  been  de- 
scribed from  Cham  wood  Forest  to  Torbay,*  are, 
with  the  exception  of  those  of  Dudley,  partly  sur- 
rounded by  red  marie  and  sandstone,  which  appears 
in  a  great  measure  formed  of  their  decomposed 
materials.  I  observed  a  similar  connection  between 
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red  marie  and  ^nitie^  near  Rouvray  in  France.  (See 
pages  2A4e,  S55.)  The  part  of  England  extending 
from  Gloucester  to  Lanclister^  which  is  represented 
in  Mr.  Greenough's  map,  as  cohered  by  red  marie 
and  sandstone^  will  probably  be  found  x>n  more 
minute  investigation,  to  contain  in^  various  partsy 
beside  the  red  marle^  other  formations.  The  red 
sandstone  of  Lancashire  and  Cheshire^  often  bears 
a*  different  relation  to  the  coal  strata^  from  that  on 
the  eastern  side  of  England:  it  cuts  off  the  coal 
like  a  wall  of  basalt. 

The  upper  calcareous  district  oh  the  eastern  side 
of  England^  (bounded  by  theJine  ji'a  a,  kad  co-> 
louried  yeUow  ip  the  map)/  comprises  all  the^  upper 
secondary  strata^  except  the  red  mairle  and  saiid- 
stone,  called  by  English  geologists  the  new  rcid 
sandstone.  It  has  been  before  observed^  that  noi 
beds  of  good  mineral  coal^  nor  any  workable  ^eins 
of  metallic  ore,  are  found  east  of  the  line,  a  a  a  in 
any.  part  of  England.  The  eastern  boundary  c^ 
thU  district^  from  the  mouth  of  the  Tyne  to  Not- 
tingham, is  composed  of  strata  of  niagnesian  limey 
stone^  described  pages  238,  SS9.  They  form  lowt 
ranges  of  hills,  bordering  the  coal  strata.  The 
breadth  of  the  magnesian  limestone  on  the  surfieiccw 
through  Yorkshire  and  Nottinghamshire/  seldom 
exceeds  seven  miles.  A  little  east  of  Nottinghiiiiy 
the  lias  limestone  (which  extends  in  a  waving  line 
from  the  Yorkshire  coast,  north  of  Grainsborough) 
approaches  the  termination  of  the  magneisian  lime^ 
stone,  and  is  continued  along  the  line  a  a  a  from 
Nottinghamshire  through  Leicestershire,  War- 
wickshire, to  near  Tewksbury;  from  thence  it 
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runs  on  the  southern  side  of  the  Severn  to  GIou« 
cester.  From  the  vale  of  Severn,  it  is  continued 
through  Somers^shire  and  Dorsetshire,  to  Lyme 
(in  the  latter  county),  where  it  is  terminated  by  the 
sea.  At  its  two  extremities,  on  the  Yorkshire  coast 
and  the  coast  of  Dorsetshire,  it  forms  lofty  cliffs, 
which  are  remarkable  for  the  variety  of  their  fos* 
sils :  the  cliffs  of  Dorsetshire  have  furnished  the 
most  perfect  skeletons  of  saurian  animals  that  have 
yet  been  discovered.  The  lias,  in  its  course  from 
Yorkshire  to  Dorsetshire,  rarely  attains  the  Nova- 
tion of  800  feet.  The  beds  of  lias  clay  and  limestone 
are  the  best  characterized  of  any  of  die  British  stra- 
ta :  they  are  described  at  some  length  Chap.  IX. 

In  passing  through  Somersetshire,  the  continuity 
of  the  lias  is  sometimes  interrupted  by  intervening 
strata  of  other  formations ;  but  from  Berkley  in 
Gloucestershire,  to  Whitby  in  Yorkshire,  it  may 
be  traced  without  any  interruption,  except  what  is 
occasioned  by  rivers  that  cut  through  it.  The 
average  breadth  of  the  lias,  from  its  western  border, 
where  the  red  marie  commences,  to  its  eastern 
bonier  where  it  dips  under  the  yellow  limestone 
or  oolite,  varies  from  seven  to  ten  or  twelve 
miles.  The  situations  where  it  may  be  best  ob- 
served, is  on  the  Dorsetshire  coast  east  and  west 
of  Lyme,  and  at  Whitby  in  Yorkshire.  At  Aust 
Pftsrage  on  the  Severn,  it  may  be  seen  resting  im- 
mediately on  red  marie ;  and  the  remarkable  stra- 
tum, fitted  with  the  bones  of  fish  and  saurian  ani- 
mals, may  be  traced  for  a  considerable  distance. 
The  sulphate  of  strontian,  which  is  a  rare  English 
mineral,  occurs  here  in  considerable  quantities  in 
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the  red  marle^  under  thelias.  Westbury  CKfi;  where 
the  bone  stratum  again  appears^  is  described  p.  SS. 
The  lias  limestone  is  quarried  in  various  parts  of 
its  course  for  water-setting  lime. 

A  range  of  lofty  hills^  composed  of  yellowish 
limestone  of  the  oolite  formation^  (see  Chap.  XI.) 
extends  from  Dorsetshire  to  the  north  of  Lincoln- 
shire; oolite  appears  again  on  the  Cleveland  Hills 
in  Yorkshire.  The  lower  beds  in  these  hills  rest 
on  lias.  The  western  boundary,  as  fiur  as  Notting- 
hamshire, is  a  little  east  of  the  line  a  a  a.  In 
Gloucestershire  the  hills  of  this  range  attain  a  con- 
siderable elevation,  rising  900  feet  or  more  above 
the  vale  of  Severn. 

They  present  their  steep  sides  or  escarpments  to 
the  west,  and  in  standing  on  the  summit  of  this 
range  above  the  vale  of  Severn,  a  very  interesting 
inquiry  naturally  suggests  itself; — for  here  the 
beds  of  oolite  terminate,  and  are  no  where  found 
on  the  other  side  of  the  Severn,  or  in  any  part  of 
England  or  Wales,  to  the  west  of  the  line  a  a  a  :  the 
lias  also  terminates  a  few  miles  west  of  the  Severn  *. 
— Have  the  beds  of  oolite  which  form  this  range  of 
hills,  or  have  the  beds  of  Has  at  their  feet,  ever  ex- 
tended  much  farther  than  at  present  ?  If  they  have 
not,  we  must  then  inquire,  by  tbhat  cause  has  their 
farther  extent  westward  been  impeded  ? 

Some  detached  hills  of  oolite  occur  in  the  vale 
of  Severn,  which  have  evidently  been  once  conti- 
nuous with  the  Cotswold  Hills;  but  we  have  no 


'  *  A  small  patch  of  lias  is  found  on  the  north  side  of  the 
Bristol  Channel* 
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reason  to  believe^  that  either  the  oolite  or  the  lias 
have  ever  extended  into  any  part  of  England  west 
of  the  vale  of  Severn.  In  Ireland  and  in  the  He- 
brides^ the  lias  beds  again  make  their  appearance. 

The  beds  ot  the  oolite  formation^  with  associated 
beds  of  clay^  cover  a  considerable  part  of  Glouces- 
tershire^ Oxfordshire^  Northamptonshire^  Rutland- 
shire^ and  the  eastern  side  of  Lincolnshire.  They 
also  extend  into  the  east  riding  of  Yorkshire^  and 
terminate  at  the  Cleveland  Hills. 

The  oolite"  formation  is  divided  into  the  lower^ 
the  middle^  and  the  upper  oolite  ;-~the  Portland 
stone  belongs  to  the  upper  oolite;  Between  the 
middle  and  the  lower  oolite^  there  is  a  bed  of  clay^ 
called  Clunch  clay^  and  Oxford  clay ;  it  is  in  some 
parts  two  hundred  feet  thick ;  many  of  its  fossils  are 
similar  to  those  in  the  Had.  CSunch  clay  covers  a 
considerable  part  of  the  low  land  in  Huntingdon- 
shire^ Bedfordshire,  Oxfordshire,  and  maybe  traced 
southward  through  Wiltshire.  (See  p.  27S.)  Between 
the  upper  and  the  middle  oolite,  there  is  also  an- 
other thick  bed  of  clay,  called  Kimmeridge  clay. 
(See  p.  873.)  For  a  more  full  account  of  the  oolite 
formation,  see  Chap.  XII. 

The  animal  remains  in  the  various  beds,  from 
the  magnesian  limestone  to  the  upper  oolite,  are 
exclusively  marine,  with  the  remarkable  exception 
at  Stonesfield,  (See  page  274 ;)  but  the  strata  be- 
tween the  upper  oolite,  and  the  greensand  below 
chalk,  contain  river  shells  and  bones  of  immense 
animals  of  the  lizard  family,  some  of  which  were 
more  than  sixty  feet  in  length;  and  Arom  the  struc- 
ture of  their  teeth,  they  are  believed  to  have  been 
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herbivorous.  The  strata  containing  remains  of 
freshwater  animals^  are  described  Chap.  XIII.  un- 
der the  name  of  Purbeck  beds^  iron-sand^  and  weald 
day. 

A  bed  of  sand  and  sandstone  intermixed  with 
green  particles^  lies  under  chalky  and  accompanies 
it  throughout  the  southern  and  eastern  counties. 
The  fossils  in  the  greensand  and  chalk  are  marine. 
(See  Chap.  XIII.) 

Greensand  and  chalk  extend  into  Devonshire^ 
where  they  occur  detached  from  the  great  chalk 
formation^  which  begins  east  of  Dorchester^  and 
extends  through  part  of  Hampshire^  Wiltshire^  and 
Sussex;  and  through  Berkshire^  Buckinghamshire^ 
and  Hertfordshire^  into  Cambridgeshire  and  Suf- 
folk. A  small  extent  of  chalk  is  exposed  on  the 
north  coast  of  Norfolk^  and  it  passes  through  the 
middle  of  Lincolnshire^  and  on  the  eastern  side  of 
Yorkshire,  to  Flamborough  Head,  where  it  termi- 
nates. (See  Chap.  XIII.)  The  highest  elevation 
which  chalk  attains,  is  at  Inkpen  Beacon  in  Hamp- 
shire, which  is  1011  feet  above  the  level  of  the  sea. 
The  remarkable  derangement  of  the  chalk  strata, 
which  has  thrown  the  beds  into  a  vertical  position 
in  the  Isle  of  Wight  (See  page  385),  extends  also 
through  the  Isle  of  Purbeck  in  Dorsetshire. 

The  chalk  in  the  southern  counties  of  England, 
is  in  some  situations  covered  with  thick  beds  of 
clay  and  sand,  which  belong  to  the  tertiary  for- 
mation. The  organic  remains  found  in  these  beds 
belong  to  different  species  from  those  in  the  chalk. 
The  vale  of  Thames,  between  the  chalk  hills  of 
Surrey  on  the  south,  and  the  chalk  hills  of  Hert- 
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fordshire  on  Ihe  norths  is  covered  with  tertiary 
beds.  (See  the  map^  fig.  2  2  8.)     The  upper  clay 
has  been  called  the  London  clay ;  and  the  lower^ 
the  plastic  clay  :  the  lower  clay  extends  westward, 
beyond  the  limits  of  the  upper^  as  represented  in 
the  map.      A  small  section  across  the  vale  of 
Thames  from  north  to  south,  at  the  bottom  of  the 
map,  will  convey  a  clear  idea  of  the  relative  posi- 
tion of  the  chalk,  the  plastic  clay,  and  the  London 
clay.     In  some  situations,  as  at  Hampstead  on  die 
north  of  London,  and  near  G>bharo  on  the  south, 
ihe  London  clay  rises  above  the  Vale,  to  the  height 
of  300  feet,  and  is  covered  with  a  stratum  of  ma- 
rine sand,  as  represented  at  d!  d  in  the  section. 
Here  we  have  one  of  the  most  simple  cases  of  de- 
nudation.     There  can  be  but  little  doubt,  that 
these  caps  of  sand  were  once  parts  of  one  continu- 
ous stratum,  but  the  intervening  clay  and  sand  have 
been  subsequently  excavated  by  diluvial  agency. 
(See  Chap.  XIV.  page  305.)    Hampshire  and  the 
Isle  of  Wight  are  partly  covered  by  tertiary  strata, 
as  represented  in  the  map,  and  described  pages 
324  to  327,  Chap.  XIV.,  where  a  more  full  ac- 
count of  the  geology  of  this  part  of  England  is 
given.    The  crag  of  Norfolk  and  Suffolk,  which 
belongs  to  the  tertiary  formation,  is  described  pages 
320  and  321. 

A  considerable  part  of  the  counties  of  Norfolk, 
Cambridgeshire,  and  the  eastern  side  of  Lincoln- 
shire, fall  within  the  division  of  .the  map  marked 
ill.  The  sur&ce  is  fen  land  or  marshes,  gained 
from  the  sea  in  the  Wash  of  Cambridgeshire, 
and  the  fen  country  of  Lincolnshire ;  but  a  great 
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part  of  Norfolk  is  covered  by  beds  of  gravely  sand^ 
and  clay,  intermixed  with  fragments  of  chalk.  Beds 
of  flint-gravet  and  fragments  of  ancient  rocks  (it 
has  been  before  observed)  are  widely  spread  over 
the  midland  counties^  but  could  not  be  introduced 
into  the  map. 

There  is  a  subterranean  forest  beneath  a  part 
of  Holdemess  in  Yorkshire^  and  in  parts  of  Cam- 
bridgeshire and  Lincolnshire^  which  extends  east- 
ward into  the  German  Ocean  below  the  lowrwater 
mark.  The  inland  subterranean  forest  is  also  be- 
low the  level  of  the  sea. 

A  similar  subterranean  forest  occurs  on  the  Lan- 
cashire coasts  north  of  Liverpool^  and  extends  into 
the  Irish  Channel.  These  fkcts  prove^  that  a  con* 
siderable  change  has  taken  place  in  the  relative 
level  of  the  sea  and  land. 

A  subterranean  forest  on  the  Norfolk  coast  is 
noticed  page  321.  Mr.  Taylor,  who  has  examined 
its  position,  says,  that  it  rests  on  the  stratum  called 
Norfolk  Crag,  and  is  covered  by  diluvium  :  he  is 
inclined  to  refer  it  to  the  lignite  formations  of  the 
tertiary  strata.  If  this  can  be  ascertamed,  the 
Norfolk  subterranean  forest,  and  the  same  forest 
which  extends'  into  Yorkshire,  must  be  regarded 
as  being  of  antediluvian  origin.  But  these  subter- 
ranean foreats  in  England,  deserve  more  attention 
than  they  have  hitherto  received  from  geologists ; 
the  period  of  their  growth,  and  the  causes  by  vvhich 
they  were  submerged,  are  at  present  unknown.  A 
similar  subterranean  forest  extends  into  the  sea  on 
the  coast  of  Flanders.  Have  these /areata  been  once 

Sl 
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united  and  aftenoards  separated  by  a  mbsidenee, 
which  farmed  the  bed  of  the  German  Ocean  ? 

In  a  general  view  of  the  Geology  of  England^ 
the  thennal  waters  must  not  be  neglected.  The 
warm  springs  in  Derbyshire  vary  in  temperature 
from  58  to  82  degrees,  though  each  spring  pre- 
serves the  same  degree  of  heat,  except  in  situa- 
tions where  the  waters  have  been  intermixed  with 
those  near  the  surface.  The  efifects  of  internal 
heat,  appear  to  extend  under  the  whole  district 
that  contains  basaltic  amygdaloid  or  toad-stoUe; 
for  the  rivers  of  this  county  are  rarely  frozen,  ex- 
cept in  still  situations,  and  when  the  thermometer 
is  little  more  than  10  degrees  above  zero.  A  very 
sensible  degree  of  warmth  may  be  perceived  in  the 
water  of  the  Crumford  canal,  between  Matlock 
and  Crich ;  and  numerous  exhalations  flrom  warm 
springs,  may  be  frequently  seen  rising  from  the 
neighbouring  hills.  The  warm  springs  of  Bath, 
have  a  much  higher  temperature  than  those  of 
Derbyshire.  It  has  been  remarked,  that  vrarm 
springs  are  principally  confined  to  basaltic  and  vtfl- 
cahic  countries.  In  Iceland,  in  the  Azores,  in 
Sicily,  in  Italy,  in  France,  and  various  parts  of 
Europe,  not  distant  from  volcanic  or  basaltic  rockft, 
numerous  warm  springs  exist ;  but  in  the  whole  of 
the  United  States  of  America,  where^there  are  few 
basaltic  rocks,  warm  springs  are  scarcely  known. 

These  remarks  are  confirmed  by  the  situation  of 
the  warm  springs  in  Derbyshire,  surrounded  by 
beds  of  basaltic  rock  nearly  allied  to  lava.  The 
fadt  springs  of  Somersetshire  are  situated  on  the 
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western  side  of  the  kland^  not  £ir  iWw  a  raage  of 
basaltic  rocks,  extending  from  Beri^ley  towards 
Bristol.  It  will  scarcely  be  denied  that  tbe  boiling 
fountains  or  geysers  of  Icelaod,  and  the  warm 
springs  of  Italy^  ^cily^  and  Auvergo^  derive  their 
temperature  from  subterranean  fire ;  ami  it  is  con<- 
trary  (o  the  established  rules  of  pbMosepfarfj  to  mul- 
tiply causes^  and  seek  for  other  seurces  of  heat^  in 
the  waters  of  Bath  or  Buxton. 

The  former  have  |Hreserved  th^ir  high  tempera* 
ture  for  two  ttiou^nd  years :  hcoce  ji  is  obvious 
that  they  rise  fmm  a  great  depths  ftir  below  the 
effects  of  those  chaages^  which  take  place  near  the 
surface.  It  is  fiirther  remarkable,  that  the  hot 
wells  of  Bath,  and  the  boiling  fountains  of  Icelaad^ 
both  contain  in  solution  siliceous  earthy  one  of  the 
mo9t  insi^uble  substances  in  nature.  The  similarity 
of  their  contents,  affords  a  further  confirmation  that 
they  derive  their  heat  from  the  same  cause;  and  we 
have  every  proof  the  subgec^  will  admit  of,  that  this 
cause  is  subterranean  fire  *. 

*  Temperature  of  the  Hot  Waters  ia  England,  and  some 
other  parts  of  Europe. 

BrifM 74« 

Matlock 66 

Baxtoa     82 

Bath 112  and  116 

Vichy  ( Auvergne)   120 

Carlsbad  (Bohemia)   IM 

Aiz  la  ChapeUe  (Flanders)    143 

Aiz  les  Bains  (Savoy) 117 

Leuk  (in  the  Haut  Vallais)  ....  117  to  126 

Bareges  (Soafh  of  Frapce) 120 

For  some  account  of  the  Thermal  Waters  in  the  Alps,  see  p.  106. 

2l2 
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The  total  thickness  of  the  different  rock  forma- 
tions in  England^  from  the  marine  sand  on  the  top 
of  Hampstead  Heath,  to  granite,  might  be  ascer- 
tained along  any  particular  line  of  section  with  some 
degree  of  accuracy,  did  all  the  intervening  forma- 
tions occur  under  each  other ;  but  this  is  not  the 
case.  The  rocks  of  the  transition  series^  rarely  oc- 
cur in  two  distant  situations  in  the  same  order  of 
succession^  and  preserving  the  same  degree  of 
thickness.  The  secondary  strata  of  the  coal  forma- 
tion^ preserve  a  considerable  degree  of  regularity 
over  the  same  district^  but  they  almost  always  vary 
in  remote  districts.  According  to  a  section  that 
was  made  across  the  coal-field  of  Derbyshire,  from 
the  magnesian  limestone  in  the  east,  to  the  fourth 
limestone  of  Derbyshire  in  the  west^  the  total  thick- 
ness in  a  perpendicular  line^  maybe  about  nine  hun- 
dred yards.  There  are  thirteen  beds  of  coal,  vary- 
ing in  thickness  from  six  inches  to  eleven  feet ;  the 
total  thickness  of  coal  is  twenty-six  yards. 

The  thickness  of  all  the  beds  on  the  eastern  side 
of  the  coal  districts^  from  magnesian  limestone  to 
chalky  is  a  question  of  some  interest  to  landed  pro- 
prietors ;  as  a  knowledge  of  it  would  inform  them, 
how  far  their  estates  were  situated  above  the  coal 
strata^  supposing  the  latter  to  extend  on  the  eastern 
side  of  the  line  a  a  a.  According  to  an  estimate  by 
the  Rev.  J.  Townsend,  given  in  the  former  editions 
of  this  work^  the  total  thickness  of  all  the  upper 
strata^  including  chalk  and  the  red  marle^  did  not  ex- 
ceed about  1710  feet ;  but  more  accurate  observa- 
tions of  these  secondary  strata  prove,  that  in  many 
parts  of  England,  their  thickness  is  far  greater  than 
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Mr.  Townsend  had  estimated^  and  can  scarcely  be 
less  than  three  thousand  feet.  There  are^  how- 
ever^ no  known  situations  in  England^  where  all  the 
upper  secondary  strata^  from  chalk  to  the  red  marie 
or  magnesian  limestone^  occur  regularly  under  each 
other.  Still  the  vast  thickness  of  these  calcareous 
beds^  forbids  the  attempt  to  search  for  coal  beneath 
them.  There  may^  however^  be  parts  situated  east 
of  the  line  a  a  a^  where  the  upper  strata  are  stripped 
off^  or  the  lower  coal  strata  forced  up  near  the  sur- 
face. An  instance  of  this  kind  well  deserving  atten- 
tion, occurs  in  France^  about  twelve  miles  to  the 
N.E.  of  Boulogne.  A  small  portionof  the  regular  coal 
formation^  and  the  subjacent  transition  limestone^ 
appears  protruded  through  the  chalk  and  oolite  for- 
mations; and  several  beds  of  coal  are  brought  near 
the  surface^  and  are  regularly  worked.  A  few  miles 
distant  from  these  mines^  I  observed  rocks  exactly 
similar  to  the  Kellaway  rock  *.  No  geologist  would^ 
from  the  nature  of  the  surrounding  rocks^  have  ex- 
pected the  occurrence  of  a  coal-field  in  this  situa- 
tion. Should  accident  discover  any  similar  pro- 
trusion of  the  coal  strata  on  the  eastern  side  of 
England^  it  may  be  well  to  take  advantage  of  it; 
but  without  this^  all  expensive  search  for  coal  on 


*  The  coal  mines  are  dtaated  in  the  villages  of  Hardingham 
and  Rety ;  there  are  five  beds  of  coal,  varying  in  thickness  from 
three  to  five  feet.  The  extent  of  the  coal-field  is  abont  twelve 
hundred  yards  in  length,  and  four  hundred  in  breadth;  the 
greatest  depth  is  three  hundred  and  thirty  yards.  The  beds 
dip  to  the  north.  The  three  upper  beds  yield  coal  suitable  for 
the  forge ;  the  lower  are  employed  for  burning  lime. 
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tUs  side  of  our  island,  will  be  attended  with  certain 
loss  and  disappointment. 

In  a  preceding  part  of  the  present  chapter,  I 
hare  suggested  an  inquiry  into  the  causes  which 
have  prerenfed  the  extension  of  the  thick  beds  of 
oolite  and  lias,  heyond  the  line  marked  in  the  map 
A  A.  It  is  evident,  that  the  strata  have  not  been 
discontinued  by  a  failure  of  the  materials  of  which 
they  afe  composed;  for  they  no  where  appear  more 
Ailty  developed,  or  in  greater  strength,  than  where 
they  form  the  southern  bwder  of  the  Vale  of  Severn, 
and  suddenly  terminate.  I  am  much  inclined  to  be- 
lieve, that  we  must  seek  for  the  cause  of  their  dis- 
fiontinuance  to  the  north-west,  from  a  range  of  lofty 
mountains  having  once  extended  from  the  Mal- 
vern Hills  (in  a  north-east  direction)  to  Charnwood 
Forest,  and  in  a  south-west  direction  into  Devon- 
shire. The  Malvern  Hills,  the  Charnwood  Forest 
hiUs,  and  the  transition  rocks  of  Somersetshire 
and  Devonshire,  are  the  only  remaining  nuclei  of 
this  range.  This  range  probably  formed  the 
northern  border  of  an  ancient  sea,  of  which  the 
Fores  mountains,  and  the  Yosges  in  France  were 
the  southern  bcnrder.  Were  it  not  so,  why  should 
the  lias  and  the  oolite  always  terminate  as  they  ap- 
proach these  rocks,  both  in  England  and  France  ? 

If  the  Malvern  range  were  once  far  loftier  than 
at  present,  it  might  have  formed  part  of  a  continent^ 
or  island,  when  all  the  land  to  the  south  and  south- 
east was  buried  under  the  ocean.  On  this  island 
may  have  lived  the  land  quadrupeds,  whose  remains 
are  found  in  the  slate  of  Stonesfield  (p.  274).  These 
bones^  carried  into  the  then  existing  sea  by  riveiv. 
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may  have  been  borne  further  south  by  marine  cur- 
rents^ and  left  among  the  calcareous  and  arena- 
ceous depositions^  of  which  the  Stonesfield  slate  is 
composed.  If  we  trace  the  upper  calcareous  strata 
from  their  inland  termination  to  the  sea^  we  must 
be  convinced^  that  they  have  once  extended  further 
to  the  south  and  east.  The  chalk  cliffs  at  Dover^ 
for  instance,  and  the  lias  cliffs  at  Lyme,  are  evi* 
dentty  parts  of  more  extensive  strata,  of  which  we 
find  a  continuation  on  the  opposite  coast  of  France; 
and  the  chalk  cliffs  at  Flamborough  Head,  and  the 
lias  cliffs  at  Whitby,  are  parts  of  strata,  which  were 
continued  into  Denmark  and  Germany,  where  the 
same  strata  are  again  met  with. 

But  though  the  upper  calcareous  strata  evidently 
extended  fiirther  than  the  coast  of  England  on  the 
south  and  east,  there  are  no  vestiges  of  these  strata 
in  England,  west  of  the  above  line,  except  a  small 
portion  of  lias  at  the  feet  of  the  transition  moun- 
tains, on  each  side  of  the  Bristol  Channel.  We 
have  indeed  reason  to  believe,  that  the  lias  and 
oolite  never  extended  far  beyond  their  present 
inland  limits  in  England^;  for  we  have  decisive 
proof  on  the  southern  coast,  that  the  lias  beds  did 
not  extend  further  west  on  that  coast,  at  the  period 
when  the  greensand  and  chalk  were  deposited  ;  as 
we  find  the  latter  carried  over  the  termination  of 
the  lias  beds,  to  the  red  marie  beyond  them  f .  But 

*  It  has  been  before  stated,  that  the  lias  is  found  in  the  He- 
brides, and  on  the  north  of  Ireland ;  but  it  was  probably  de- 
posited in  a  sea  that  was  separated  from  the  English  lias  by  the 
Malyem  range,  and  the  mountains  of  Wales  and  Cumberland. 

t  This  will  be  better  understood  by  referring  to  Plate  3.  fig.  1. 
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I  forbear  to  purBue  such  inquiries  further ;  the  ob* 
ject  of  the  jMresent  chapter  being  to  describe  the 
Geology  of  England  in  its  existing  state.  I  leave 
to  future  geologists  the  task^  if  it  can  be  accom- 
plishedj  of  tracing  back  the  changes  which  the 
surface  of  the  country  has  undergone^  and  of  de- 
lineating it^  as  it  appeared  in  its  various  progres- 
sive stages  towards  its  present  form. 

Were  the  beds  f  f  carried  over  the  terminal  edges  of  the  beds 
e  e,  we  should  be  certain  that  the  latter  had  not  extended 
farther,  when  the  beds  f  f  were  deposited. 
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Additional  Observations  on  Stratification* 

XHE  appearance  of  vertical  and  horizontal  strata  in  the  same 
rock  (as  represented  Plate  1.  fig.  5),  is  of  very  rare  occurrence  in 
this  country;  such  a  position  can  only  be  effected  by  a  faulty  which 
had  thrown  the  strata  on  one  side  into  a  vertical  position.  The 
appearance  represented  in  the  above  figure^  is  however^  frequently 
to  be  observed  in  the  calcareous  strata  adjoining  the  Alps^  where 
the  vertical  divisions  are  not  true  strata^  but  seams  or  partings, 
which  sometimes  are  so  considerable^  as  to  efface  the  true  strata 
seams :  this  has  hitherto  been  little  understood^  and  has  been  the 
source  of  much  error  in  geological  descriptions.  The  reader  must 
suppose  the  horizontal  lines  to  be  continued  through  the  vertical 
seams. 

The  appearance  of  contorted  stratification  (Plate  2.  fig.  5.)  is  an 
optical  illusion.  The  strata  originally  infolded  the  mountain  like 
the  coats  of  an  onion,  but  have  partly  fallen  oB,  one  behind  the 
other,  leaving  waving  edges,  (like  the  letter  S,)  overlapping  each 
other.  Original  inequalities  in  the  general  curvature  of  the  beds, 
may  have  occasioned  the  strata  to  break  off  in  this  manner.  The 
Montague  de  Tuille  near  Montmelian,  (which  is  drawn  in  the  third 
volume  of  Saussure's  Foyages  dans  Us  Alpes,)  offers,  I  conceive^  an 
instance  of  this  apparent  contortion,  which  Saussure  considered  as 
almost  inexplicable.  I  examined  the  mountain  from  various  sta- 
tions, and  am  persuaded,  that  the  contortions  are  only  apparent, 
and  are  not  like  the  real  contortions,  which  the  lower  beds  of 
transition  limestone  in  this  country  so  frequently  present. 

Page  1 76. — In  the  Chapter  on  Coal,  I  proposed  to  offer  some  ob- 
servations in  the  Appendix,  on  the  ineffective  means  hitherto 
adopted  to  prevent  the  frequent  recurrence  of  fatal  accidents  in 
coal  mines :  but  on  due  consideration,  the  subject  is  too  important 
to  be  confined  to  a  note,  and  would  be  misplaced  in  an  elementary 
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work  on  Geology.  Tlie  number  of  liyes  destroyed  by  explosions 
in  coal  mines^  has,  I  believe,  been  increased  since  the  introduction 
of  the  safety-lamp ;  from  causes  which  do  not  inndidate  the  value 
of  the  discovery,  if  its  use  were  confined  within  the  limits  which 
its  iUustrioos  inventor  must  have  proposed. 

On  Freshwater  Fish  and  Shells. 

In  the  second  edition  of  this  work  1  offered,  in  a  note,  some 
observations  on  the  difficulty  of  determining  whether  certain  ani- 
mals were  marine  or  freshvmter,  as  it  was  possible  that  fish  and 
many  testaceous  animals,  might  be  capable  of  livbg  either  in  the 
sea  or  in  rivers, 

I  stated  a  circumstance  communicated  to  me  by  Mr.  Leckie, 
which  proves  that  fish  have  greater  fisu^ilities  of  change,  than  na- 
turalists generally  suppose.  Dr.  MacCulloch  has  since  paid  atten- 
tion to  the  subject,  and  ascertained  that  many  species  of  fish  will 
live  equally  well  in  fresh  or  salt  water.  The  &ct  has  been  long 
known  in  Sicily,  with  respect  to  the  mullet 

The  lake  of  Lentini  in  Sicily  is  stocked  with  a  sea  fish  called 
the  Cefalo, — a  species  of  mullet  caught  in  the  Mediterranean,  and 
thrown  into  the  fresh  water  of  die  lake,  where  they  not  only  live, 
but  increase  greatly  in  size  and  improve  in  flavour,  and  are  a 
considerable  article  of  luxury  in  the  island.  Tliis  lake  has  no 
communication  with  the  sea,  and  is  chiefly  filled  with  rain  water. 

On  the  Surface  rfihe  Moan. 

'  Geologists  have  not  hitherto  regarded  with  due  attention  the 
physical  structure  of  the  moon :  it  is  the  only  planetary  body 
placed  sufficiently  near  us  to  have  the  inequalities  of  its  surface 
rendered  distinctly  visible  with  the  telescope.  Attendant  on  the 
earth,  and  having  the  same  quantity  of  solar  light,  and  nearly  the 
same  density,  vire  may  reasonably  infer,  that  the  mineral  sub- 
stances of  which  it  is  composed,  do  not  differ  essentially  from  those 
on  the  surface  of  our  own  planet  Astronomers  now  generally 
admit,  that  the  moon  is  surrounded  with  a  very  clear  atmosphere, 
but  which  is  so  low,  that  it  scarcely  occasions  a  sensible  refraction 
of  the  rays  of  light,  when  it  passes  over  the  fixed  stars.  Many  of 
the  dark  parts  of  the  moon,  particularly  the  part  called  Mare  Cri- 
$lttm,  appear  to  be  covered  with  a  fluid,  which  may  probably  be 
more  transparent  and  less  dense  than  water,  as  the  form  of  the 
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racks  tad  araften  beneath  it  are  seen,  but  not  so  distmcdy,  as  in 
tiie  lighter  parts  of  the  moon's  siirfiu».  To  examine  the  moon 
with  a  reference  to  its  external  structure,  the  defining  power  qt 
the  telescope  should  be  of  the  first  quality,  sufficient  to  show  the 
projections  of  the  outer  illuminated  limb  as  distinctly,  as  they  ap- 
pear when  the  moon  is  passing  over  the  disk  of  the  sun,  during  a 
solar  eclipse.  With  such  a  telescope,  and  a  sufficient  degree  of 
light  and  of  magnifying  power,  almost  erery  part  of  the  moon's 
surface  appears  volcanic,  containing  craters  of  enormous  magni- 
tude and  vast  depth :  the  shelving  rocks,  and  the  different  internal 
ridges  within  them,  mark  the  stations  at  which  the  luva  has  stood 
and  formed  a  floor,  during  difierent  eruptions ;  while  the  vol- 
canic cones  in  some  of  the  craters,  resemble  those  formed  within 
the  craters  of  modem  volcanoes. 

The  largest  volcanic  mountain  on  the  southern  limb  of  the 
moon,  (called  by  some  astronomers  lydio,  and  by  others  Mount 
Sinai,)  like  the  largest  volcanic  mountain  on  the  earth,  Chimbo- 
razo,  and  like  Mont  D*Or  and  the  Puy  de  Ddme  in  Auvergne,  has 
no  deep  crater  on  its  summit.  There  are  indeed  the  outlines  of 
the  crater,  but  it  is  nearly  filled  up  ^  while  firom  the  foot  of  this 
mountain,  diverging  streams  of  lava  flow  in  difierent  directions, 
to  the  distance  of  six  hundred  miles.  Hie  largest  currents  of  lava 
from  lofty  volcanoes  on  the  earth,  generally  issue  from  their  flanks. 
The  longest  known  current  of  modem  lava  is  in  Iceland ;  it  ex* 
tends  sixty  miles,  but  the  volcanoes  in  that  island,  bear  no  propor- 
tion to  the  magnitude  of  the  lunar  volcanoes. 

Geologists  who  are  reluctant  to  admit  the  extensive  agency  of 
fire  on  the  surftice  of  the  terrestrial  globe,  would  have  their  diffi<- 
culties  removed,  were  they  to  study  attentively  the  surface  of  the 
moon  with  a  powerful  telescope  $  for  there  we  see  the  entire  hemi- 
sphere of  a  planetary  body,  subjected  to  the  agency  of  volcanic  fire. 

Since  my  retum  from  the  extinct  volcanoes  of  Auvei^^e,  I  have 
fi^uendy  amused  myself  in  comparing  the  stracture  of  parts 
of  the  moon's  surface,  with  that  of  the  volcanic  districts  in  Central 
France ;  and  I  could  scarcely  avoid  the  conclusion,  that  the  sum- 
mits of  many  volcanic  mountains  in  the  moon,  which  reflect  so 
much  more  light  than  the  other  parts,  are,  like  those  in  Auvergne, 
composed  of  rocks  analogous  to  white  pumice  or  trachyte.  I  have 
suggested  these  hints,  to  direct  the  attention  of  geologists  and 
astronomers  to  our  attendant  planet.  Is  ii  inhahUedf  Is  it 
passing  to  a  hahitabk  state  ?  or  dots  ii  present  the  ruins  of  a 
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former  hahkahle  globe,  torn  bffihe  powerful  agency  ofrnkankcfire  f 
Its  appearance  seems  most  to  agree  vnth  the  latter  oonditioii. 
Perhaps  the  perfection  to  which  telescopes  are  advanciog  on  the 
Continent,  may  enable  astronomefs  at  no  distant  period  to  an* 
awer  these  questions. 

Orbicular  Porphjfry  and  Orbicular  Gramie  of  Corsica^ 

These  are  two  of  the  most  rare  and  beautiful  rodcs ;  but  little 
is  known  respecting  their  relation  with  other  rocks  in  that  island. 
According  to  specimens  of  considerable  size,  which  I  have  before 
me,  this  porphjrry  is  composed  of  compact  felspar,  varying  b  co- 
lour from  a  greenish  to  a  reddish  brown.  Tlie  globules  vary  in 
diameter  from  one*third  of  an  inch  to  three-inches.  Tlie  most  per- 
fectly formed  globules  have  a  small  globule  in  the  centre  of  each, 
from  which  ranges  of  minute  gbbules  divei^^e,  giving  to  the  large 
globules  the  appearance  of  a  radiated  diverging  structure,  more  or 
less  regular.  In  the  smaller  globules  there  are  concentric  circles^ 
which  disappear  in  the  larger  ones,  except  near  their  superficies. 
Tlie  paste  in  which  these  globules  are  imbedded,  contains  also 
minute  globules  of  lighter-coloured  felspar,  variously  arranged. 
The  larger  globules  are  some  of  them  elongated,  as  if  they  had 
been  in  fusion.  The  experiments  of  Mr.  G.  Watt  on  basalt,  (See 
page  213,)  elucidate  the  formation  of  orbicular  porphyry. 

The  globular  structure  was  probably  developed  during  the  semi- 
liquefaction  of  the  mass,  which  formed  globules,  instead  of  perfect 
crystals,  as  in  common  porphyry.  The  globules  in  the  Corsican 
porphyry,  can  be  easily  detached  from  the  mass.  Common  por- 
phyry, in  which  the  imbedded  felspar  occurs  in  rounded  spots,  is 
called  Variolite. 

The  orbicular  granite  of  Corsica  is  better  known  in  thiscountry ; 
it  is  a  finely  granitic  rock,  composed  of  white  felspar,  and  blackish 
green  hornblende,  with  grains  of  quartz.  In  this  rock  are  nu- 
merous globules  composed  of  concentric  coats  of  hornblende  and 
felspar,  varying  in  diameter  from  one  inch  to  three  or  four  inches. 
In  the  centre  of  each  globule,  there  is  a  particle  of  hornblende. 
The  globules  appear  intimately  united  with  the  rock  in  which  they 
are  imbedded,  and  cannot  be  detached  from  it.  The  orbicular 
granite  takes  a  more  even  polish  than  the  porphyry,  and  is  one  of 
the  most  beautiful  granitic  rocks. 
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Height  of  some  of  the  most  remarkable  Mountains  and  Hills 

in  England  and  Wales, 


Feet 
Arbuiy  HOI^  Northamp- 
tonshire         804 

Arran  Fovddy,  Merion* 
ethshire    2955 

Arrenig,  Merionethshire  2809 
Axedge^  Derbyshire ....  1751 
Bagshot  Heath,  Surrey. .  463 
Beacons,  Brecknockshire  2862 
Bardon  Hill,  Leicester- 
shire       853 

BeachyHead,  Sussex  ..  564 
Black  Down,  Dorsetshire  8 1 7 
Botley  Hill,  Surrey  ....  880 
Bow  Fell,  Cumberland  29 1 1 
Broadway  Beacon,  Gb- 

cestershire    1086 

Brown  Clee  Hill,  Shrop- 
shire     1805 

Cader  Ferwyn,  Merion- 
ethshire       2563 

CaderIdris,Merionethshire29 1 4 
Caermarthen  Vau,  Caer- 
marthenshire    2596 

Cam  Fell,  Yorkshire    ..   2245 

Capellante,    Brecknock- 
shire    2394 

Carnedd  David,  Caernar- 
vonshire     3427 

Camedd  Llewellyn,Caer- 
nanronshire  ••......  3469 

Canraton  Hill,  Cornwall  1208 
Cheviot,  Northumberland  2658 
ConistonFell 2577 

Cradle  Mountain,  Breck- 
nockshire     2545 

Cross  Fell,  Cumberland    2901 
Crowborough    Beacon, 
Sussex 804 


Jfeet* 
Ditchling  Beacon,  Sussex    858 

Dover  Castle,  Kent 469 

Dundry  Beacon,  Somer- 
setshire   1668 

Dunnose,  Isle  of  ^ght  792 
Dwggan     near     Builthy 

Brecknockshire 2071 

Epwell  Hill,  Oxford 836 

Fairlight  Down>  Sussex  599 
Farley  Down  (near  Bath), 

Glocestershire 700 

Firle  Beacon,  Sussex  • .  820 
Grasmere  Fell,  Cumber- 
land    2756 

Greenwich  Observatory, 

Kent] 214 

Hathersedge,  Derbyshire  1377 
Hedgehope,     Northum- 
berland   2347 

Helvellin,  Cumberland. .  3055 
Hensbarrow        Beacon, 

Cornwall 1034 

HighclereBeacon,  Hamp- 

Mre 900 

High  Pike,  Cumberland  2101 

Holme  Moss,  D^byshire  1859 

Holvhead  Mountain,  An- 

glesea  709 

Ingleborough  Hill,  York- 
shire   2361 

Inkpen  Beacon,  Hamp- 
shire   1011 

Kit  Hill,  Cornwall   ....  1067 

Leith  Hill,  Surrey 993 

Landinan         Mountain, 

Montgomery 1898 

Uangeinor       Mountain, 

Glamorganshire    ....  1859 
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Long     Mount     Forest, 

Shropshire 

Long  Mountain,  Mon^;o- 

mery 

Lord's  Seat,  Derbyshire  • 
Malvern  Hill,  Woioester- 

shire  «••••••••#•••• 

Moel  Fammauy  Denbigh* 

shire 

Nine  Standards,   West- 
moreland ,  • .  • 

Orpit   Heights,    Derby- 
shire   , 

Pendle  Hill,  Lancashire  • 

Penmaen  Maur,  Caemar« 

▼onshire    

Penntgent  Hill,  Yorkshire 
Pillar,  Cumberland  .... 

Plynlimmon     Mountain, 
Cardiganshire  • 

Radnor  Forest,  Radnor- 
shire  

Rivel  Mountain,Caemar- 
vonshire    

Rivington     Hill,     Lan- 
cashire . , 

Rodn^*s  Pillar  (Bate  q(), 
Montgomery    
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Feet. 


1674 
1330 

1715 

1444 

184d 

2136 

980 
1803 

1540 
2270 
2893 

2463 

2163 

1866 

1545 

1199 


Roseberry  Topping,  York- 
shire     1022 

Rumbles  Moor,  Yorkshire  1308 
Saddleback,  Cumberland  2787 

Sea  Fell  (High  Point), 
Cumberland 3166 

Shooters  Hfll,  Kent 446 

Shunnor  Fell,  Yorkshire  2329 
Skiddaw,  Cumberland . .   3022 
Snea  Fell,  Isle  of  Man. .  2004 
Snowdon>     Caernarvon- 
shire   3571 

Stow  Hill,  Herefoiddiire  1417 
Stow  on  the  Wold,  Glo- 

cestershire    ...*....     885 
Tregarron  Down,  Canfi^ 

ganshire    1747 

Wendover  Down,  Buek- 
inghamshire 905 

Wfaemside  (in  Ingleton 
Felb),  Yorkshire....  2384 

Whernside.  (in  KettleweH 
Dale),  Yorkshire  ... .   2263 

White  Horse  HUl,  Berk- 
shire       893 

Wrekin>  Shropshire ... .    1320 


Mounkdns  in  Scotland, 

Of  the  height  of  tiie  mountains  in  North  Britain,  I  believe  there 
have  not  hitherto  been  any  very  accurate  admeasurements  tdten. 
— ^The  (bllowihg  m  some  of  the  most  consideraUe,  whh  ibe 
heights  as  given  by  different  writers. 

Goatfiekl,  Island  of  Arran  2945 

Benlomond,  Stirlingshire  3262 

Benlawers,  Perdisfaire . .  4051 

Ben  Mere»  Perthshire  . .  3870 

Schehanien 3281  or  3564 

The  most  southern  of  the 
Paps  of  Jura *.   2359 


Feet. 
Arthur's  Seat,  Edinburgh    8 1 0 

Salisbury  Craigs 550 

Hartfell,  Dumfries-shire 
(supposed  bvMr.  Jame- 
son the  highest  in  the 

south  <tf  Scotland) 3304 

or  2800 
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Feet 
Mount  Battock^  Kincar- 
dineshire     3450 

Curngorum . .  •  • 4050 


Feet 
Ben-Nevis^  Invemesshire 

(the  highest  mountain 

in  Great  Britain) 4380 


H^hesi  Mcuntaitu  in  the  Pennine  Alps, 


Mont  Blanc 15,534 

Mont  Cervin,    or  the 

Matterhorn    15^105 

Mont  Rosa 15,410 


Aiguille  de  Geant ....  I3»984 

Aiguille  d'ArgentiJSire. .  13,370 

TheBuet 10,112 

Dent  du  Midi    10,500 


Highest  Mountains  in  the  Swiss  Alps. 


The  Finster  Aarhoon. .  14,307 
The Jouhg-Frau  ....  13,185 
The  Schreckhom 12,872 


TheEiger 12,520 

The  Monch  Eiger 12,900 

The Wetterhorn    ....   12,130 


N.  B.  All  these  mountains  are  seen  from  the  church-yard  at 
Berne. 

Highest  Mountains  in  other  Parts  of  Europe, 


Northern  Pyrenees  . .  1 1 , 1 60 

Mont  Perdu,  Ditto   ..  10,950 

Vigne  Male,  Ditto. ...  1 0,945 

Le  Cylindre,  Ditto   . .  10,880 

iEtna,  Sicily 10,590 

Le  Gran  Sasso,  in  the 

Appenines 8455 

Mont  Velino,  Ditto  ..  7860 


Loucyra,  in  Dauphiny. .  13,548 
Mont  Mezin>  the  Ce- 

vennes  in  France  . .  6700 

Mont  D*Or,  Ditto. ...  6 1 80 

Cantal,  Ditto 6150 

Puy  de  D6me,  Ditto . .  4750 

Vesuvius,  Naples  ....  3900 

Mount  Athos  in  Greece  6780 


Vary  few  moanteiiiB  in  Europe,  north  of  the  Alps,  exceed 
th«  height  of  6000  feet.  Some  of  the  mountains  in  the  chain  that 
sepumtes  Norway  from  Sweden,  vather  nceed  that  height 


Lowest  JUne  of  Eternal  Snow. 


At  the  Equator 15,720 

Latitude  20*^ 15,000 

— —  45° 8200 


In  Switzerland 8000 

Latitude  65^ 4^800 
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FcMogu  cf  the  Alpi  vAscA  lead  from  Germany,  SwUxerland,  and 

France,  into  ItaJUf. 

Feet 
Passage  of  Mont  Cer- 
Yin  (only  practicable 
onfoot) 11,200 

Of  the  Furka 8300 

Hie  Grand  St.  Bernard     8 150 

The  Col  de  Ferret. . . .      7600 


The  Little  St  Bernard  7200 

OfStGothard 6780 

Of  Mont  Cenis 6750 

OftheSimplon 6610 

The  Col  de  Tende. . . .  5880 


Mountmm  of  Ana, 


Lebanon    9500 

Mount  Sinai,  from  5000  to  6000 


The  Himmaleh  Moun- 
tains rise  from  20,000  to  25,600 

Ellbrusy  in  the  chaiA  of 
the  Caucasus 18,500 

In  the  IndMn  Ocean  there  are  acTeral  islands  that  rise  from 
10^000  to  13,000  feet. 

Mountamsof  Africa^ 

The  geography  of  Africa  is  too  little  known  to  afibrd  any  cor- 
rect account  of  its  mountains  :  those  of  Abyssinia  have  been 
estimated  to  be  equal  in  height  to  the  Alps,  and  the  chain  of  Mount 
Atlas  to  equal  the  Pyrenees. 

The  Peak  of  Teneriffe 12,236  feet 

South  America, 

Chimborazo^  Quito  . .  22,700  I  Antisana,  Peru 20,680 

Cotopau  20,320  |  Pic  D*Orizaba,  Mexico  ]7;368 

North 


Some  very  lofty  mountains  rise  on  the  western  coast ;  but  few 
of  the  mountains  in  the  Apalachian  chain,  or  the  Alleghany  on  the 
eastern  side,  rise  three  thousand  feet  above  the  level  of  the  sea. 


Higheit  habitable  Parti  of  the  Globe. 


The  Farm  of  Antisana, 

Peru 13,200 

City  of  Micnipamha  • .  11 ,850 

City  of  Quito 9520 


City  of  Mexico 

Hospice  of  St  Gothard 
in  the  Swiss  Alps  . . 


7400 
6790 
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Passages  in  the  Pyrenees. 


17001 

Port  D'Oo 9850 

Port  Viel  d*E8tamb^ . .      8400 
Port  de  PinMc 8200  I 


Feet. 
Port  de  Cavafnie  ....      7650 

Passage  de  Tonnnalet .      7 1 30 


Passages  in  Switzerland, 

The  Wengen  Alp  ... .      6750  |  The  Sheideck  to  Mey- 

ringen    6500 


CORRIGENDA. 

In  Pages  151  to  154,  for  Hate  3,  read  Plate  4. 

223,  line  7  from  top,  for  fig.  3,  read  fig.  2. 

355,  line  9  from  bottom, /or  Buxgan,  read  Brisgau. 

503,  line  7  from  top,  for  logist  read  geologbt. 
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[N.  B.  A  brief  DeBcription  of  some  of  the  Fossils  mentioned  in 
the  present  VoluiQe»  is  given  in  the  Index,  for  the  use  of  those 
who  may  be  entirely  unacquainted  with  Fossil  Organic  Remuns.] 


Aiguilles,  granitic  peaks  in  the 
Alps,  how  formed,  Bl,  90. 

Alcyonites,  fossil  alcyonia,  nearly 
resembling  sponges,  the  pro- 
duction and  habitation  of  poly- 
pi, 271. 

Alluvial  depositions,  15,  422, 436. 

Alpnach  coal,  contains  teeth  and 
Dones  of  the  mastodon,  303,465. 

Alternation  of  marine  and  fi«sh- 
water  formations,  300;  hypo- 
theses respecting  them,  328. 

Alumine  or  Clay,  48, 

Alum  shale,  965— 26a 

Anamonite,  or  Comu  Ammonis, 
(provincially  makeitone,)  a  fossil 
chambered  shell,  supposed  to 
resemble  the  closely  coiled 
ram's  horns  onthehead  of  Jupiter 
Ammon;  twenty  species  of  this 
shell  found  in  lias,  263. 

Amphibole ;  see  Hornblende. 

Amygdaloid,  190,  210. 

Amygdaloidal,  59. 

Anhydrous  gypsum,  57 ;  see  Gyp- 
sum. 

Animals,  division  of,  by  Cuvier,  into 
radiated,  articulated,  moluscous, 
and  vertebrated.  Chap.  II.  35. 

Anthracite,  a  species  of  coal  that 
bums  without  smoke,  160,  170. 

Atlantades,  478. 

Augite,  120,  188;  one  of  the  prin- 
cipal component  minerals  io  dark 
laya  and  basalt,  377* 

Auvergne,  geology  of,  358, 365. 

Azores,  forty-two  volcanoes  in  the, 
349. 


Basalt,  description  of,  188 ;  varie- 
ties of,  and  its  passage  intophe- 
nolite,  pitchstone,  and  obsidian, 
189;  its  connection  with  por- 
phyry, sienite,  and  mnite,  190; 
caps  of  basalt,  201;  columnar 
basalt  of  the  Hebrides  and  the 
north  of  Ireland,  202,  204 ;  ba- 
salt of  Iceland,  206 ;  of  Auvergne, 
207,  358, 359 ;  coral  in  basalt, 
208 ;  imbedded  basalt,  209 ;  aU 
temation  of  with  limestone^  210; 
es^periments  on,  212;  igneous, 
origin  o^  215 ;  Werner's  theory 
of,  217. 

Basaltic  dykes,  191,  198,  200. 

Basin,  Paris,  strata  of,  297;  fossil 
remuns  in,  310,  315, 323. 

Beleronite,  a  round  straight  cham- 
bered shell,  frequently  about  the 
size  of  a  finger,  but  tapering  to 
a  point;  from  the  Greek  Be- 
lemnon,    a    round   arrow-head, 

Bi263,  270. 

UiudorClunch,  indnratedclay,  156. 
rds,  bones  of,  rarely  found  fossil, 
41 ;  in  Stonesfield  slate,  275, 
276,311.462. 

Bitumen,  1 62 ;  in  the  volcanic  tufa 
of  extinct  volcanoes,  364,  369. 

Black-lead  mine,  HoiTowdale,  494. 

Blocks  of  granite  and  other  primary 
rocks  on  calcareous  mountain.% 
and  in  valleys,  89— 97,'.433. 

Blue  John,  or  Fluor  Spar,' mine  of, 
402. 

Boiling  springs,  354 ;  see  Thermal 
Waters. 
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Bonea^  aiuilmi  of,  42 ;  found  in 
cayeros  459  ;  see  Fosril  Remains. 

Boyey*  or  Wood -coal,  1 63. 

Breccia,  59. 

Brochant,  Professor,  on  pro- 
moting a  knowledge  of  geology; 
see  Preftuse. 

Brongniarty  A.,  287—297* 

Bucklandy  Professor,  on  caverns 
containing  bones  of  quadrupeds, 
461, 462. 

Burrh  stones,  or  Millstones,  323. 

Cader  Idris,  columnar  trap-rock 
on,  205. 

Calcaire  grossier,  fossil  remains 
in,  298,  303, 304. 

Calcaire  siliceux,  310. 

Calcaire  alpin,  obseryations  oo, 
227. 

Calcareous  tnfa,  443. 

Calcareous  sandstone  of  Austra- 
lasia, and  of  Cornwall  and  Guft- 
daloupe,  452. 

Carbon,  50,  161  ^  in  yolcanic  pro- 
ducts, 369. 

Cardona  in  Spain,  salt  formation 
at,  252. 

Camiyorous  quadrupeds,  fossil  re- 
mains of,  most  abundant  in  ca- 
yeras,  459. 

Cayems  in  transition  or  mountain 
limestone,  139  i  bow  formed,  140. 

Cayerns  with  bones  of  carntvorous 
animals  in  Germany  and  Huo* 
eary,  459, 460 }  at  Kirkdale  in 
Yorkshire,  Professor  Buckland's 
diacoyeries  in,  46 1 ,  463 ;  subsi- 
dence of  their  roofo,  464$  ca- 
yem  in  Derbjrshire  containing 
the  entire  skeleton  of  an  ele- 
phant, 465. 

Cawk,  or  Sulphat  of  Barytes,  410. 

Central  Fire,  observationa  on,  75, 
381. 

Cetaceous  animals  of  the  whale  fa- 
mily, rarely  fossil,  41 1  in  Italy^ 
319. 

Chalk.  Upper,  lower,  and  middle 
thickness  of  the  strata^  in  En- 
gland and  France,  28B>;  chalk 
with  flints,  288, 289  -,  soogietimes 
intermixed  witli  siliceous  sand. 


289 ;  some  chalk  ooataias  mag- 
nesia, 289 1  characters  by  which 
magoesian  chalk  may  be  distin- 
guished, 289;  on  the  constant 
occurrence  of  flint  in  chalk,  290, 
291 ;  fossUs  in  chalk,  292 ;  loc». 
lities  of  chalk,  292. 

Chamwood  Forest,  granite  of,  more 
ancient  than  thatof  the  Alpe,222i 
sandstone  of,  241 ;  sienitic  rocks 
of,  245 ;  hills,  geology  of,  500, 
502. 

Cheshire,  rock-salt  of,  249. 

Chimborasso,  95 ;  formation  of  trSh 
chyte  on,  365. 

Chlorite,  54 ;  m  the  granite  of  the 
Alps,  89 ;  chbrite  slate,  129;  see 
taicous  Slate. 

Classification  of  rocks,  10 ;  of  ani- 
nuds,  by  Cuvier,  35 ;  of  shells, 
defects  in,  44,  83. 

CLiy,  or  Alunune,  48,  189. 

CUy-stone,  189;  of  Braid  Hill,  re- 
bles  trachyte,  373. 

Cleavage  of  slate,  mistaken  for 
stratification,  128. 

Clermont  in  Auvergne,  358. 

Cleveland  Basalt  Dyke,  197;  hills, 
276. 

Clinkstone,  or  Pbonolite,  377- 

Coal  Formatmn,  the  strata  which 
compose  it,  contain  alosost  ex- 
clusively fossil  vegetable  re- 
mains, 147;  strata  under  the 
regular  coal  formation,  147, 148, 
170;  Imperfect  coal  formations, 
171 ;  coal  formations  in  various 
parts  of  the  world,  176, 177. 

Coal,  mineral,  varieties  of,  148, 
149. 

CoaUfields,  or  Coid-basiu,of  limit- 
ed extent,  149 — 152;  deranged 
by  faults,  153 ;  coal  asines,  155 ) 
an  elucidation  of  the  structure  of 
ooal-baains,  157$  ironstone  ac- 
companying coal  stsata,  159; 
treat  coal-field  in  South  Wales, 
51, 181 ;  coal-fields  in  England 
and  Wales  enumerated,  496, 498. 

Coal,  origin  of,  161,  163^  165. 
168;  conversion  of  vegetable 
matter  into  coal,  168,  1/0 ;  co^ 
of  Alpnach,   ooolaining  bones 
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and  teeth  of  the  mastodon,  1 73 ; 
search  for  coal,  hov  it  should 
be  made,  174,  175;  on  the  pe* 
riod  when  the  coal  of  England 
will  be  exhausted,  178. 

Cols,  or  Passages  in  the  Alps,  81 ; 
height  of,  527. 

Columnar  structure,  62,  205. 

Compact  structure,  59. 

Comparatiye  Anatomy,  its  impor- 
tance in  Geology,  315. 

Conchology,  defects  in  the  classi- 
fication, 44. 

Conformable  position,  67»  73. 

Conglomerate,  rounded  masses  of 
rock  in  sand  or  clay,  132 ;  sepa- 
rates slate  from  transition  lime- 
stone in  Denbighshire,  491 ;  in 
Cumberland,  4^ ;  conglomerate 
of  trachyte,  376. 

Coral  rag,  271. 

Coral  rocks  formed  by  zoophytes, 
36,115,271,452. 

Cordier,  his  mechanical  analysb  of 
lava,  377. 

Cotemporaneons  formations,  222, 
227. 

Crag  of  Norfolk,  320;  foasil  re- 
mains in,  321. 

Craters^  elevation  of,  345. 

Crocodiles,  fossil  remains  of  in 
oolite,  270 }  at  Tdgate  Forest, 
281 ;  at  Hi^gate  and  Islington, 

Cross  courses,  405. 

Cross  Fell  in  Cumberland,  492, 
493. 

Crust  of  the  globe,  comparative 
thickness  of,  6,  185,  388. 

Crystals,  of  the  same  mineral,  as- 
sume different  forms  in  difierent 
districts,  417. 

Cuvier,  Baron,  his  classification  of 
animals,  35—39 ;  new  animals 
discovered  by  him,  297,  312— 
314;  hu  observations  on  the 
structure  of  fossil  animals,  415, 

4ia 

Daubeny,  Dr.,  on  the  geology  of 

Sicily,  210. 
Density  of  the  earth,  4. 
Denudation,  what,  473. 


Diabase,  or  Greenstone,  120. 

DiaUeret  mountains,  fossil  re- 
mains in,  225. 

Dialla^e,  crystallized  serpentine, 
1 16 ;  in  CornwaU,  487 }  in  Rad- 
norshire, 490. 

Diluvial  agency,  473,  476. 

Diluvial  deposits,  15,  422;  fosal 
bones  in,  453--458. 

Disintegration  of  rocki,  421 . 

Dolerite,  120. 

Dolomite,  57,  237. 

Dome-shaped  mountains  in  Au- 
vergne,  their  origin,  364. 

Dragon,  flying,  fossil  renuuns  of, 

Droitwich,  rock-salt  of,  251. 

Druses,  399. 

Dudley,   transition  limestone  of, 

135. 
Dudley,  basalt  of,  212;  geology 

of,  505. 
Dye-earth,  136. 

Earthquakes  and  Volcanoes,  thrir 
connection,  331 ;  distance  at 
which  earthquakes  are  felt,  332 ; 
affect  distant  springs  and  wells, 
332;  frequency  at  particular  pe- 
riods, 335;  at  Lisbon  in  1759, 
its  effects,  336  ;  more  powerful 
in  nunes  than  on  the  surface, 
338;  at  Chili,  effects  and  extent 
of,  104,  105. 

Earths  of  which  rocks  are  princi- 
pally composed,  47,  48. 

Eboulements,  what,  424. 

Echinites,  fossil  Echini  seldom 
found  below  the  oolite  Ume- 
stone,  271 ;  characteristic  of 
chalk,  291. 

Echinus,  a  sea  urchin,  pL  Echini. 

Elephants,  fossil  remains  of,  463, 
458,  &c. 

Elks,  fossil  remains  of,  in  Ireland, 
457. 

Elvan,  of  Cornwall,  122. 

Encrinites,  sometimes  called  £n- 
troehi ;  fossil  zoophytes  with  a 
round  and  joint^  stem,  and 
round  and  jointed  arms,  or 
branches,  surrounding  the 
mouth,  which  when  closed  bear 
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'  .a  resemblance  to  a  lily,  a  cap,  or 
a  turban,  &c.,  hence  called  the 
lily  encrinite,  the  cap  encrinite, 
&c.;  common  in  transition  lime- 
stone, 137. 

Escarpments  of  mountains,  79. 

Euphemia,  engulphed  by  an  earth- 
quake, 332. 

Eurite,  finely  srannlar,  or  compact 
Felspar,  101. 

Fair  Head,  basaltic  columns  of,  203. 

Faults ;  see  Dykes. 

Faulty  ground,  156. 

Felspar,  62,  8?. 

Fire-damp,  176. 

Fish  thrown  out  during  volcanic 
eruptions,  363. 

Fish,  fossil  remains  of,  311 ;  see 
Mag^esian  Limestone^  Lias,  &c. 

Flint,  in  and  under  chalk,  288 ;  itd 
origrin,  290. 

Flinty  sh&te,  130. 

FloBtz  rocks  of  Werner,  233. 

Fluan,  (a  term  used  by  miners,) 
406. 

Fluor-spar  mine,  402. 

Fontainebleau  sandstone,  319. 

Forest  marble,  272. 

Formations,  66. 

Foisil  organic  remains,  called  also 
Extraneous  fossils  and  petrifac- 
tions ;  see  Chap.  II.  et  poirim. 

Freestone ;  see  Oolite. 

Freshwater  formations,  indications 
of  their  occurrence  in  the  regular 

-  coal  formation,  166,  167;  in  the 
strata  between  the  upper  oolite 
and  the  green-sand  below  chalk, 
279— 2& ;  obsenrations  on  the 
alternations  of  freshwater  and 
marine  formations,  327»  329. 

Freshwater  limestone,  322,  326  ^ 
formed  in  recent  lakes,  446. 

Fttller*s  earth,  272. 

Gait,  287. 

Geodes,  in  jrreen-sand,  286. 

Geognosy,  3. 

Geoh>gy,  derivation  of  the  word,  2 ; 
speculative,  3. 

Geology  of  England  and  Wales, 
483;  the  principal  mountain 
range  on  the  western  side  of  the 


island  denominated  the  Great 
Alpine  Chain,  484 ;  divided  into 
three  groups  or  ranges  :  the 
Devonian  range,  486;  mineral 
treasures  of,  489.  The  Cam- 
brian range,  489 ;  mountains  of, 
490 ;  principal  mineral  treasures 
of,  491.  The  Northern  range, 
extent  of,  49 1 .  Structure  of  the 
calcareous  mountains  explained 
by  a  section  of  England,  492 ; 
mountains  surrounding  the 
lakes,  494;  branch  from  the 
northern  range  eitending  into 
Derbyshire,  496.  These  three 
ranges  comprise  the  Alpine  di- 
stricts. The  middle  district,  coal- 
fields in  it  enumerated,  496— 
498 ;  this  district  in  some  parts 
covered  by  red  marie  and  sand- 
stone containing  rock-salt  and 
brine  springs,  499.  Primary 
rocks  and  ancient  trap  rocks  ap- 
pear in  the  middle  district,  499 ; 
at  Chamwood  Forest,  600, 604 ; 
in  Warwickshire,  604 ;  Glouces- 
tershire, Somersetshire,  606, 
607.  The  upper  calcareous  di- 
strict contains  no  beds  of  good 
coal  nor  any  metallic  veins,  607. 
Magnesian  limestone  bordering 
the  coal  strata,  extent  of,  60/. 
Lias  limestone,  extent  and  du- 
ration of  through  England,  608, 
609.  Oolite  limestone,  range 
of  through  England,  and  its  m>- 
mpt  termination,  609,  610; 
strata  between  the  oolite  and 
chalk,  610.  Chalk,  extent  of  in 
EngUmd,  611.  Tertiary  forma- 
tions covering  chalk,  611,612; 
alluvial  and  diluvial  depositions, 
612;  subterranean  and 'subma- 
rine forests,  613 ;  thennal  wa- 
ters of  England,  614 ;  Obeer^ 
vations  on  the  total  thick- 
ness of  the  different  rock  forma- 
tions of  England,  616,  617;  on 
coal  districts  concealed  by  upper 
calcareous  strata,  617$  on  the 
cause  which  prevented  the 
further  eitension  of  the  oolite 
and  lias  to  the  north«west,  619. 
Giant's  Causeway,  202. 
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Gleatilt  in  HroHaiid^  pcculiaritiet 

of  tiie  granit*  there,  99. 
Globular  stmcttire,  62  j  in  basalt^ 
explained,  214. 

Goeiaa  or  Slaty  granite^  108$  alter- 
nates iritfa  and  pa98e8  into  com- 
mon granite  and  into  mica-elate, 
109. 

Gold,  where  found  in  England, 
396, 418. 

Qraake,  coropoeition  of,  86;  varie- 
ties of  ,  88-^90 ;  localities  of,  91 
^—9/  ;  granite  veins  in  slate,  97 » 
vertiad  beds  of,  in  the  Alps, 
224;  di&rent  ages  of,  226; 
granite,  passage  of  into  sienite, 
porphyry,  and  oasalt,  191;  bean 
a  near  affinity  to  ancient  volcanic 
products,  386. 

Gnnite  of  England,  more  ancient 
than  that  of  the  Alps,  222. 

Graake,  scattered  blocks  of»  97> 
433. 

Grani&t0  vein^,  109. 

Qfaidtt,  8eeonlary».  obaerva^ons 
on,  100, 101. 

Gravel,  422, 423 ;  beds  of,  aeattei^ 
ed  OA  the  summits  of  detached 
hills,  476, 613 ;  organie  remains 
in,  467. 

Gray  wethers,  318. 

Green-sand  formatioo,  286;  los- 
sil  remains  in,  287' 

Greenstone,  a  rock  composed  of 
hornblende  and  felspar,  the  dia* 
base  of  the  Frendi,  120 ;  some- 
tfanea  called  trap,  143 ;  sieniUc 
greenstone,  187* 

Ores  andeo,  242;  rouge,  242; 
des  Vosges,  242 ;  bigm^,  242 ; 
femigineux,  286;  k  lignites, 
321. 

Greywacke,  131;  passes  into  the 
old  red  sandstone,  132 ;  its  place 
sometimes  supplied  faycongio 
nerate,  132. 

Greywacke  slate,  131,  &c 

Gryphite,  a  fossil  bivalve  sheli^  the 
lower  valve  deeply  ourvedl,  the 
upper  flat,  26^ 

Gypsum,  67;  accompanies  rock- 
salt,  266 ;  and  is  always  anhy- 
drous in  the  Alps  when  first  ex- 
posed, 268;   observations  on. 


269;  Paris  gynsup   and    gyp* 
seous  marie,  311. 

HalifaiF,  the  Rev.  R^  on  the  lias  and 
oolite  of  Leckhampton  Hill,  267. 

Hall,  Sir  James*  his  ej^periments  to 
explain  the  formation  oC  basalt, 
213 ;  to  convert  chalk  into  mar- 
ble, 216;  to  form  sandstone,  389} 
his  theory  on  the  formation  of 
valleys,  474. 

Hampstead  Heath  marine  sand, 
319. 

Hartshill,  quarts  rock  of,  246. 

Hastings  sand,  or  iron-sand,  280 1 
fossil  remains  in,  281. 

Height  of  mountains,  table  of;  see 
Appendix. 

Helix.  Helicites,  fossil  shells  of 
the  snail  genus  HeSaJanikina, 
230. 

Highnam    Park,    lias    limestone, 

267. 

High  Stile,  crater  in,  192. 

Himmaleh  mountains,  the  highost 
in  the  world,  96 ;  fossil  bones  of 
horses  and  deer  brought  down 
from  them  by  avalanches,  478. 

Hippopotamus,  fossil  remains  of, 
464. 

Hone  or  Whetstone  slate,  129. 

Hooeyoomb  limestone  of  Sunder- 
land, 338. 

Homblende,66,119,143;  slate,119« 

Hemstone,  or  Petrosilei^,  130* 

Hot  springs  ^  see  Thermal  Waters. 

Humboldt,  account  of  the  formation 
df  new  islands,  76 ;  on  subterra- 
noan  fire  under  primary  rocks, 
104  and  343»  344,  346;  and  on 
the  extent  of  volcanic  fire,  366. 

Huttamian  or  Plutonian  theory  re- 
apectiiig  metallic  veins,  408 ;  on 
the  formation  of  valleys,  468. 

Hydrogen  gas  evolved  fipom  volc»- 
noes,  370. 

Hyenas,  bones  of,  found  in  csvema^ 
462. 

Jasper.  62, 142. 

Java  Island,  volcanic  eruptions  of, 

349,  361. 
Ichthyosaurtts,  or  FishJixard,  39, 

264,  27%  &c. 
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Jenner,  Dr.,  his  eJE|»enmento  on 
recent  bones,  31. 

Jet,  highly  bitumenized  wood-ooal, 
169. 

Iguanodon,  a  gigantic  lizard  found 
fossil  at  Cuckfield,  40,  282. 

Imbedded  rocks,  74. 

Inclination,  angle  of,  61,  66* 

Inclination  of  strata,  difference 
between  apparent  and  real,  68* 

Inequalities  in  the  earth's  surface 
produced  by  the  effects  of  central 
fire  and  inundations,  7^»  <uid 
Chap.  XIX.  passim. 

Insects,  rarely  found  fossil,  38» 

Institutes  of  Menu  on  the  duration 
or  length  of  the  six  days  of  crea- 
tion, 25. 

Iron,  49, 395 ;  ore,  396. 

Ironstone^  159  ^  analyses  of,  159. 

Iron-works,  coal  used  in  them, 
160. 

Iron-sand,  280. 

Islands,  new  ones  formed  by  vol- 
canic eruptions,  7B ;  by  sub- 
marine volcanoes,  349. 

Islands  formed  of  coral,  116, 452. 

Ivory  from  the  fossil  tusks  of  ele- 
phants, found  in  Siberia,  &c., 
453,  458. 

Jura  Mountains,  20,  145, 227, 267, 
328. 

Kaolin,  or  soft  granite  used  in  porce- 
lain, 103,  488. 

Kelloway  rock,  273. 

Killas,  a  schistous  rpck  nearly  al- 
lied to  mica-slate,  99. 

Kimmeridge  Clay,  is  impregnated 
with  bitumen,  and  used  as  fuel, 
171,  273. 

Lakes,  salt  and  freshwater^  328  ^ 
are  gradually  filUae  up  and  les- 
sening, 444;  the  deeper  part  of 
vaUeys,  469* 

Lava,  58;  passes  into  basalt  in 
Auvergne^  359 ;  aUemajtes  with 
freshwater  limestone  in  Sicily, 
210;  quantity  of  ejected  during 
one  eniptioB,  341 ;  compact  and 
scoriaceous,  366;  analyses  of, 
377  3  passes  into  obsidiatii  376; 


lei^h  of  time  that  it  retaiiis  its 
heat,  379. 

Lead-ores,  407i  419. 

Lias  limestone  and  lias  clay,  261 ; 
remarkable  organic  remains  in, 
33, 39, 263—265;  Uas  of  France, 
266;  lias  of  the  Jura  ao4  theAlps, 
267;  extent  of  throughEnsland, 
507-^509. 

Lignite,  or  Wood^oal,  143,  164, 
169,  276,  300. 

Lime,  56>  268  *,  use  of  as  a  nttl- 
nure,  441. 

Limestone,  56;  whether  formtofl 
of  animal  secretions,  115;  va^ 
rieties  of;  see  Primary Tranai- 
tion,  &c.,  and  Chap.  VI. 

Limestone  conglomerate,  240. 

Line  of  bearing,  61,  66. 

Line  of  dip,  61,  66. 

Lipari  islands,  volcanic  products 
of,  373. 

Lisbon,  earthquake  of,  332, 336. 

Lizards,  or  Saurian  animals,  fossil 
remains  of,  39. 

Liaards, flying,  found  fossil,  40,234. 

Llanymynah  limestone,  sudden  ter- 
mination of>  221; ' 

Lodes  or  mht  running  metallic 
veins*  4Q£, 

London  Clay,  304,  306. 

Lyell,  Mr.,  on  recent  freshwater 
limestone,  445. 

Lyme  in  Dorsetslkire,  organic  re- 
mains there,  265. 

Lymnites,  fossil,  univalve  oUlettg 
shells,  characteristic  of  fresh- 
water limestone,  324. 

.' 

MacCulloch,  Dr.,  his  experimeilte 
on  the  formation  of  coal,  169; 
on  peat,  448 ;  sea  and  freshwater 
fish,  522. 

Mackeniie,  Sir  George^  on  the 
origin  of  basalt,  206. 

Madrepores,  36 ;  form  rocks  and 
reefo  of  coral,  452. 

Magnesia,  49 ;  in  chalk,  289  ;  how 
discovered,  289. 

Magnesian  limestone,  237 ;  foasih 
in,  240. 

Malvern  Hills,  Worcestershire, 
245,  506. 
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Mammolhy  or  fonil  elephant,  20, 
453,  454. 

Mantell,  Mr.,  on  the  Geology  of 
Sussex,  283. 

Marble,  statuary,  113. 

Marine  sand  and  sandstone,  upper, 
318, 319 ;  forms  caps  on  London 
clay,  512. 

Mastodon,  454,  and  note  in,  455, 
458 ;  bones  and  teeth  of,  found 
in  coal  at  Alpnach,  303. 

Mechanical  deposition,  61. 

Megaf^yz,  4o6. 

Megalosaunis,  an  inunense  am* 
mal  of  the  Heard  fomily,  284. 

Megatherium,  455. 

Metallic  beds,  396;  veins,  397; 
formation  of,  408. 

Metals,  repositories  of,  419. 

Mica,  54 ;  when  abundant  in  gra> 
idte,  changes  its  structure  and 
forms  gneiss,  100. 

Micaceous  sandstone,  accompany- 
ing coal,  149. 

Mica-slate,  its  passage  into  gra- 
nite, gneiss,  and  dav-slate,  100; 
varieties  of,  110,  111 ;  on  the 
change  of  mica-slate  into  gnmss 
and  talc-slate,  112;  contortion 
of  its  beds,  1 13 ;  contains  beds 
of  primary  limestone,  113. 

Millstone  grit,  148. 

Millstones,  310,  323. 

Molasse,  or  Soft  Sandstone  of  the 
Alps,  300,  and  note  in,  301, 302. 

Molusoous  animals,  35, 38. 

Monitor,  275. 

Monkeys  and  apes,  bones  of,  never 
found  fossil,  49,  423,  456. 

Montadoux  in  Auvergne,  364. 

Mont  Blanc,  ascent  of  by  Saus- 
sure,  91. 

Mont  Orenier,  foil  of,  427. 

Montmartre,  fossil  remains  of. 
314. 

Moon,  surfiure  of,  volcanic,  522. 

Morains,  heaps  of  stones  brought 
down  by  the  gladers  from  the 
higher  Alps,  424. 

Mountains,«-on  the  causes  of  their 
elevations,  75,  467,  471,  472; 
destruction  and  disintegration 
of,  421-433,  etpoinm. 


Mountain  chains  and  ranges,  78; 
of  Great  Britain,  484—495: 
haghts  of,  525,  527. 

Mountain  limestone;  a  nameim- 
property  given  to  transition  fime- 
stone  in  England,  the  transition 
limestone  3  all  foreign  geolo- 
gists, 136;seeTnmsitionLime^ 
stone. 

Mountain  valleys  and  lakes,  432. 

Mud  volcanoes,  347* 

Nagel  flue  of  Switzeriand,  or  sand* 
stone  conglomerate,  300. 

Native  metus,  395. 

Nautilites,  fossil  nautili,  263,  &c. 

Neptunian  system;  see  Wemerian. 

Niagara,  FaUs  of,  444. 

Northwich,  rock-salt  of,  249. 

Nottingham  sand  rock,  246. 

Nummulites,  flat  or  convex  round 
chambered  shells,  so  called  from 
their  supposed  resemblance  to 
coins. 

Obsidian,  or  volcanic  jrlass,  189. 
373,376. 

Ocean,  depth  of,  7;  saltness,  7; 
has  covered  the  present  conti- 
nents, proofs  of,    19^21,    et 


Ochre,  395. 

^gyg^»  one  of  the  most  ancient 

fossils,  38. 
OHvine,  188. 
Ontario,  Lake  of,  444. 
Oolite,  or  Roestone,  different  beds 

of,  described,  269— 277;  extent 

of,  in  England,  509;  obscrva. 

tions  on  its  abrupt  tennination. 

509  and  517. 

Orbicular  granite  and  porphvrv. 
524.  I-  i~/  J» 

Order  of  succesason  and  superpo- 
sition of  rocks,  220. 

Orffaoic  fossil  remains ;  see  Chap. 
U.etptmm, 

Orthoceratite,a  stnught  or  sligfatly 
bent  chambered  cylindrical  fos- 
sil shell,  144, 190. 

Overlying  formations,  185. 

Outcrop  of  strata,  67* 

Oxford,  or  Ciunch  Clay,  272. 
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,  Pacbydennfttaior  CMcfe4kiDtied  aid- 
mili,  fossil  remains  of,  41, 456. 

PRleotheriunia  312. 

Pallas,  Prafetiior,  his  theory  on  the 
formation  of  valleys,  474. 

Pi^Muidayanff,  volcano  of,  swallow- 
ed up,  351. 

Paris  strata,  298,  299. 

Passage  of  one  rock  into  another 
by  change  of  composition  or 
structure;  see  109,  189—191, 
501,  etpatam, 

Ptasagea  of  the  Alps,  height  of, 
527. 

Peak  of  Teneriffe,  344. 

Peat  moors  and  bogs,  446 ;  forma- 
tion of,  447 ;  human  bodies  pre- 
served in,  450 ;  fossil  remains 
in,  457. 

Pentacrinites;  see  Kicrinites.  They 
differ  from  the  latter  fossil,  in 
having  a  pentagonal  stem  and 
branches,  36 ;  a  living  pentacri- 
nns,  37. 

Perte  de  Rhone,  287. 

Petrifactions:    see  Chap.  II.    H 
pasiim. 

Phonolite,  or  Clink-stone«  377* 

Phosphoric  acid,  51. 

Pitchstone,  189. 

Playfair,  Professor,  468. 

Plesiosaurus,  40,  265. 

Plumbago,  or  Graphite,  or  Black- 
lead,  161,  494. 

Porphyritic  granite,  88;  porphy- 
ritic  trap,  189,  192,  194. 

Porphyry,  description  of,  121 ;  dif- 
ferent formations  of,  122;  its 
passage  into  trap  rocks  and  gra- 
nite, 189, 190 ;  into  sienite,  193; 
volcamc  porphyry  or  trachyte, 
364,  372;  men  porphyry  of 
Auvergne,  366. 
Portland  stone,  a  species  of  oolite, 

273. 
Pot^stone,  or  Lapis  Ollaris,  117* 
Potass,  50. 
Poxzolana,  a  apedes  of  volcanic 

tufa,  379. 
Prehnite,  but  recently  discovered 

in  England,  208. 
Primary  or  Primitive  Rocks,  1 1»  1 2, 
and  Chap.  V.  and  VI. 


Primary  limestone,  1 13-- 1 16. 
Protogine,  or  Chloritic  Granite, 

88. 
Pseudo  volcanoes*  367. 
Pudding-stone,  59. 
Pumice-atone,  374. 
Purbeck  limestone,  274,  280. 
Puy  de  D6me,  in  Auvergne,  365. 
Puy  de  Pariou,  360. 
Pyrites,  31;  in  alum  shale  and 

lias,  262 ;  ignite  if  exposed  to 

wet,  368. 

Quader  sandstein,  277* 
Quartz,  51. 
Quartz  rock,  141. 
Quito,  mountains  of,  one  immense 
volcano,  356. 

Radiated  animals,  35. 

Red  marie  and  sandstone,  241 ; 
varieties  of,  and  difficulties  at- 
tending the  classification  of,  242; 
formations  in  Franceand  Ei^^land 
compared,  242^244;  partly 
formed  by  the  decomposition  0^ 
sienite  and  trap,  ^5-^247; 
rock-salt  and  gypsum  in  red 
marie,  248— 25 1 ;  on  searching 
for  coal  under  red  sandstone, 
517 ;  red  sandstone  of  Rochdale, 
459;  foot-marks  of  a  quadruped 
in  red  sandstone,  260. 

Repositories  of  metallic  ores,  419. 

Retinasphaltum,  306. 

Rhinoceros,  fossil  remains  of,  454. 

Rivers,  their  action  not  sufficient 
to  explain  the  formation  of  val- 
leys, 472. 
I  Rocks,  classification  of,  10 ;  struc- 
ture of,  59—62;  relative  am 
of,  73 ;  rdative  position  of,  /4 ; 
formation  of,  by  igneous  or 
aqueous  depositions,  384— 393 ; 
decomposition  anddisintegration 
of,  421—431 ;  see  the  name  of 
each  species  of  rock,  and  Pri- 
mary, Transition,  &c. 

Rock-salt  formations,  249 ;  of  Po- 
land, 253;    of  Spain,  252;  of 
Peru,  9000  feet  above  the  level 
of  the  sea,  254;  of  Cheshire, 
I      249. 
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Hoettone ;  seeOdttte. 
Roth-todte  liegcnda^  orGrc«Ai>- 

cien,  242. 
Ilowley-ng,212. 


Saliibory  Craggs  near  Edinbvrehy 
209. 

Salt>  qnantiCyia  the  ocean,  7* 

Salt  springs^  251 ;  lee  Rock-sidt. 

fialt-wofks,  of  Bex,  256 ;  of  Moo- 
tien,  257. 

Sandj  423;  inundations  o^  451 
cemented  into  sandstone,  452. 

Sandstone,  conglomerate,  300 
old  red,  a  ferruginous  grey«- 
wacke,  132;  new  r^  sandstone 
see  Red  Marie :  soft  sandstone  of 
the  Alpa,  see  Molasse  {  upper 
marine,  318;  micaceous,  149. 

Saurian  or  lizard-shaped  animals ; 
remains  o^  39,  234, 264,  &c, 

Saiissnre,  his  ascent  up  Mont 
Blanc,  91. 

fianssttiite,  or  Baphotide,  118. 

fichiller»spar,  116. 

Schist }  see  Siafee. 

^ea,  covers  three-fifths  of  the 
globe, '6;  depth  of,  7;  total 
quantity  of  salt  in,  7»  8 ;  action 
oif  upon  the  coasts,  434 ;  sudden 
rise  and  retreat  of,  473-^475 ; 
change  of  relative  level,  477* 

Secondary  rocks,  13;  lowar  se- 
condary, Cbi^).  VII ;  upper  se* 
condary.  Chap.  Xli.  and  XIII. 

Section  of  strata,  from  Sheffield 
to  Castleton,  77 ;  across  En* 
gland,  492;  of  Cbamwood  Fo- 
rest, 503 ;  of  the  vale  of  Thames, 
308. 

Selenite,  or  Crystallized  Gypsum, 
57»303. 

Seneca,  on  the  seat  of  volcanic  fire, 
341. 

Septaria,  305. 

Serpentine,  56,  116;  localities  of, 
117;  varieties  of,  118;  crystal- 
lized, called  schiUer-spar  or 
dialUge,  1 18 ;  intermixtures  of, 
vith  other  rocks,  119. 

Shanklin  sand,  287. 

Sienite,  89,  120;  passage  of  into 
porphyry    and    granite,    190; 


sieDlte  of  Chamwood  Forest* 

502. 
Sienitic  granite,  102 ;  rocks,  245. 
SUex,  or  Siliceous  earth,  47. 
Simple  ndnerals,  46. 
Skeleton,  human,  in  coal,  23;  in 

sandstone,  23. 
Skulls,  human,  in  ancient  alluvial 

beds,  83. 
Slate,  or  Claf-slate,  58,  127 ;  its 

cleavage  mistaken  for  stratifi- 
cation,   128;    roof->slate,   129; 

coarse  slate,  or  greywacke  slate, 

131;  talcy,  129. 
Slaty  structure,  60,  109. 
Snow — limits  of  eternal  snow,  527. 
Seda,  50. 

Soils,  formation  of,  437, 440. 
Springs,  in  London  clay,  307* 
Statuary  marble,  114. 
Steatite,  488. 
Stonesfield  slate,  remarkable  fossils 

in,  274,  276,  &c. 
Strabo,  on  the  separation  of  Sicily 

from  Italy,  334. 
Strata,   defined,    60,  61  ;    often 

confounded   v^th   divisions  by 

seams,  69. 
Stratification,    plain  and  curved, 

principles  of,  explained.  Chap. 

IV.  and  Appendix,  521 . 
Stream-works,  418. 
Strocture  of  rocks,    59 — 61;   of 

Moot  Blanc,  92;  of  the  Alps, 

81,  &c. 
Subterranean  fire  beneath  primary 

rocks,  103,  104;  origin,  381; 

use  of,  383. 
Subterranean  forests,  321,  513. 
Sulphur  in  enters,  369. 
Sumbawa,  volcanic  eruptionof,34l . 
Surturbrand,  169. 

Talc,  54 ;  takous  slate  or  chlorite 
slate  passes  into  mica-slate,  1 12; 
intermixed  with  serpentine,  118; 
passes  into  roof-slate,  129. 

Tarentuse,  gypsum  of,  256. 

Taylor,  Mr.,  on  the  Crag  of  Nor- 
folk, &c.,  320. 

Tertiary  formations  and  strata,  15, 
and  Chap.  XIV;  thar  extent  in 
England,  512. 
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Tilgate  FoMtl»  femairkable  Ibs^Ia 

there,  281. 

Hq  mines  of  Cornwall,  396,  418. 

Toad-itMe  of  Derbyshire,  140. 

Trachyte,  a  volcanic  rock,  com- 
posed of  felspar,  and  often  por- 
pbyrftic,  372. 

Trachyte  of  Anrergne,  364, 366. 

Trachyte  of  the  Andes,  365. 

Transition  or  intermediate  rocks, 
12;  classification  of,  124—127; 
observations  on  their  order  of 
succession,  and  errors  of  seolo- 

fists  respecting  them,  143 — 
45. 

Transition  limestone,  varieties  of 
and  remarkable  contortions  of, 
134,  137;  the  upper  transition 
called  by  English  geologists 
Mountain  Limestone,  137 — *14 1 . 

Trap,  origin  of  the  name,  187« 

Trap  rocks,  187 ;  passage  of  into 
porphyry  and  sienite,  189,  191 ; 
craters  in,  193 ;  porphyritic, 
194;  nearly  allied  to  volcanic 
rocks,  189,  etpatrim. 

Trilobite,  a  fossil  insect,  the  body 
divided  into  three  lobes.  The 
gigantic  trilobite,  the  most  an- 
cient inhabitant  of  the  globe, 
37,  136—144,  and  Plate  5. 

Trochus — Trochites,  fossil  uni- 
valve shells,  shaped  like  a  top, 
first  found  in  lias  and  oolite, 
270. 

Tufa,  calcareous,  443. 

Tufa,  volcanic,  363 ;  beds  of,  377* 

Vale  of  Thames,  304,  305. 

VaUey  of  les  BcheUes,  301,  470. 

Valleys,  longitudinal,  77;  trans- 
versal, 77  i  lateral,  77  ;  forma- 
tion of,  theories  respecting. 
Chap.  XIX. 

Vegetable  matter  converted  into 
coal,  168, 169. 

Vegetable  fossil  remains,  43, 161 
—164,168,284.      s 

Veins,  metallic,  rake,  flat,  accumu* 
lated,  direction  of,  401,  &c. 

Verde-antique,  116. 

Vertebrated  animals,  35, 39,  233. 


Vertical  strata,  80, 94»  107 ;  in  the 
Alps,  224 ;  in  the  Isle  of  M^gfat, 
325. 

Vesuvius,  eruptions  of,  343. 

UnooBformable  rocks,  74,  184; 
igneous  origin  uf,  184. 

Upper  secondary  rocks,  232 ;  the 
floetz  rocks  of  Werner,  233; 
remains  of  vertebrated  animaU 
first  occur  in  these  rocks  ?  233 ; 
classification  of,  236. 

Upper  freshwater  limestone,  322. 

Volcanic  fire,  seat  of,  below  pri- 
mary mountains,  104 ;  observa- 
tions on,  380,  381. 

Volcanic  rocks  and  products,  369 
-^78,  380. 

Volcanic  porphyry,  357,  366. 

Volcanoes  and  Earthquakes,  their 
connection,  331 ;  description 
of  their  eruptions,  339,  342; 
periods  of  their  repose,  344; 
height  of,  345 ;  submarine  voir 
canoes,  346;  mud  volcanoes, 
347 ;  volcanoes  in  different  parts 
of  the  world,  349;  connection 
of  distant  volcanoes  with  each 
other,  350 ;  destruction  of  vol- 
canoes, 351  ;  ancient  volcanoes, 
355 ;  their  vast  magnitude,  356; 
volcanoes  of  Auvergne  extinct, 
description  of,  358 — 365 ;  volca- 
noes without  f craters,  345. 

VonBuch  on  porphyritic  rock8,19] . 

Vosges,  mountains  of,  243;  agree 
with  the  geology  of  Chamwood 
Forest,  243. 

Uralian  and  Altaic  mountains  form- 
ed of  granite,  96. 

Wacke,  a  soft  earthy  basalt,  188. 
Watts,  Mr.  Gregory,  experiments 

on  basalt,  213. 
Weald  Clay,  285. 
Webster,  Mr.,  on  the  strata  of  the 

Isle  of  Wight,  324. 
Wemerian,  or  Neptunian  system, 

216,  408,  465. 
Weymouth,  burning  Cliflb  near, 

263,  367. 
Whinstone ;  see  Basalt. 
Thermal  waters  of  the  Alps,  105. 
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Whfaistoae  sUl,  a  bad  of  bMslt, 

209. 
Whitby  in  Yor1uhire»  alum  worics, 

262,266. 
Wight,  Isle  of,  322 ;  tertiary  ttra^ 

t«,  326 ;  vertical  beds  and  fbasil 

remaiiw  of  the,  326. 
Wobura  iron-aaod,  281. 
Wren's  Nest  HiU  near  Dudley, 

212,  506. 


Yellow  River,  mod  lm>iiglit  do' 

by  it,  435. 


Zetehstein,  or  Magneaim 

stone,  239. 
Zoological  dastification,  35. 
Zoophytes,  animals  approaiduiig 

form  to  vegetaUeSy  soc^  aa 

rals  and  madrepores. 


THE   END. 
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